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PROCEEDINGS OF THE SECTIONS 

WASmNGTON SECTION 
A meeting of the Washington Section of The Institute of 
Radio Engineers was held at the University Club, Washington, 
on the evening of Monday, November 27, 1916. Prior to the 
meeting, a dinner was given in honor of the retiring Chairman 
of the Section, Colonel Samuel Reber, U. S. A. There were thirty- 
two members present. In the course of the meeting, Lieutenant- 
Colonel George 0. Squier, U. S. A., was elected Chairman for 
1917, and the remaining members of the Executive Committee 
of the Washington Section were re-elected. 

BOSTON SECTION 

On the evening of Thursday, November 2, 1916, a meeting 
of the Boston Section was held in the Cruft High Tension 
Laboratory, Harvard University. Professor A. E. Kennelly, 
President of the Institute, presented a paper on 'Telephone 
Receivers'' illustrated by lantern slides. 

On the evening of Thursday, December 14, 1916, a meeting 
of the Boston Section was held at the Cruft High Tension 
Laboratory. Mr. H. J. W. Fay presented an illustrated paper 
on "Submarine Signaling." 

SEATTLE SECTION 
On the evening of September 9, 1916, a meeting of the 
Seattle Section of the Institute was held in Seattle. A paper 
by Mr. Robert H. Marriott, Past-President of the Institute, on 
**Radio Shadows" was presented. The attendance was ten. 
Certain financial arrangements were carried out on the same 
occasion. 

SAN FRANCISCO SECTION 

A meeting of the San Francisco Section of the Institute was 
held at the Engineers' Club, Mechanics Institute Building, San 
Francisco, on the evening of November 21, 1916; Mr. W. W. 
Hanscom presiding. A paper on "The Proposed Navy Bill and 
Government Ownership of Radio Stations*' was presented by 
Mr. George S. de Sousa. There were twenty-nine members 
present. Following the paper, Messrs. Hanscom and Greaves 
gave discussions thereon. Matters dealing with the further 
organization of the San Francisco Section were then considered 
by the meeting. 

A dinner and meeting of the San Francisco Section were held 
on the evening of December 19, 1916, at the Engineers' Club, 
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San Francisco, Mr. W. W. Hanscom presiding. At the dinner 
the attendance was twenty, and at the meeting following the 
attendance was forty-nine. Two papers were presented at the 
meeting. The first of these, by Mr. Oscar C. Roos, was on 
**Radio Conditions in the Philippine Islands.'' The second, 
by Mr. Ellery W. Stone, dealt with * 'Additional Experiments 
with Impulse Excitation.'* The first paper was discussed by 
Messrs. Hanscom and Greaves, and the second by Messrs. 
Pratt, F. C. Ryan, and the Author. Local organization and 
financial matters were further considered at the meeting. 
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ENGINEERING PRECAUTIONS IN 
RADIO INSTALLATIONS* . 

By 

Robert H. Marriott 

(Expert Radio Aid, Navy Yard, Bremerton, Washington) 

Probably all devices used to produce some desirable result 
may, under certain conditions, produce or contribute to the 
production of undesirable results, or damage. The probability 
of damage from radio apparatus compares favorably with that 
from other useful devices, and is apparently decreasing. How- 
ever, radio apparatus may produce damage, and a discussion of 
the matter may result in future prevention of damage. 

In this paper the subject will be considered under four 
general headings. 

1 . Wherein dangerous shocks may be received from radio 
apparatus. 

2. Wherein radio apparatus provides a path for currents 
other than radio currents. 

(a) Lightning. 

(b) Antennas coming into contact with lighting 
or power lines. 

3. Wherein radio apparatus provides the current or 
potential by direct discharge. 

4. Wherein radio apparatus provides the current or 
potential by induction. 

1. Injurious shocks may be received from the transmitter 
circuits used in very high power stations or in lower power 
stations should the operator come in contact with the power 
transformer secondary when the transformer is disconnected 
from the radio circuits. Radio frequency currents are usually^ 
at worst, only disagreeable. 

There are, or were, a few cases of dangerous practice along 
these lines. One was to shunt the operating key, so that the 
transformer secondary was at a fairly high potential when the 
key was open. Another dangerous method and probably by 

•Delivered before The Institute of Radio Engineers, New York, June 2^ 
191.5. 
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far the most dangerous to the life of the operator, was to use 
alternating current primary generators which gave an open cir- 
cuit voltage as high as 500 or 600 volts and connecting that 
high voltage circuit thru the operating key. 

Possibly it is reasonably safe to use a generator open circuit 
voltage as high as 250 but, all things considered, it may be 
best to bring this voltage down nearer 110, even if efficiency of 
transformation has to be sacrificed slightly. 

2 (a). The danger of fire being produced by lightning strik- 
ing the antenna is apparently less than the danger in ways men- 
tioned under headings 2 (b), 3, and 4. Personally, I have never 
seen lightning strike an antenna, nor have I seen evidence that 
lightning has struck an antenna. However, I have frequently 
seen antennas discharge to ground when lightning apparently 
struck at some distant point. For example, in one case, using 
an antenna 200 feet (60 meters) high, the discharge jumped a 
gap of 3.5 inches (8.7 cm.) to the ground. On several occasions, 
in mountainous districts, I have seen lightning striking ap- 
parently on all sides of a radio station. On one such occasion, 
lightning struck a one-story house about six blocks from an 
antenna 200 feet (60 meters) high. On another such occasion, 
lightning apparently struck a high tension line near the radio 
station, judging from the crash which was apparently coincident 
with the flash and from the fact that the high tension trans- 
former in the sub-station within a couple of hundred feet was 
burned out. 

2 (b). At one time a report was brought in that lightning 
had struck a radio station burning up the receiving apparatus. 
On investigation it was found that someone had changed the 
antenna wires from their former position and had placed them 
across and above a 1,200 volt line. When the ropes supporting 
the antenna stretched, the antenna dropped down on the 1,200 
volt line and grounded this line thru the receiving apparatus, 
burning up the receiving apparatus. On other occasions, antenna 
wires have dropped across telephone lines, and lighting and 
power circuits. In the case of the telephone lines, the radio 
transmitters discharged to the telephone line, usually short- 
circuiting the telephone lightning arresters; while in the case 
of the lighting and power circuits, the power circuits usually 
were short circuited, burning out fuses. However, in those 
cases, had the receiving instrument been connected, it is pos- 
sible that the power circuits might have discharged thru the 
receiving instruments and burned them. 
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In cities, where lighting, power and telephone circuits are 
exposed, trouble may arise from antennas dropping across such 
wires, and in the larger cities where fire alarm circuits and 
telephone circuits frequently run across the roofs of houses, 
these circuits may be frequently damaged by antenna wires 
dropping across them and by their receiving direct discharges 
from the transmitters. 

The greatest number of fires I have noticed starting from 
direct discharge of transmitters have been where roof insulators 
or deck insulators leaked current to the roof or deck, and where 
the roof or deck was of some combustible material. However, 
none of these fires have resulted in serious conflagrations, prob- 
ably because they almost invariably occurred during rain or very 
damp weather, the dampness or rain serving both to short- 
circuit the insulator and put out the fire. 

Portions of transmitters, such as condenser supports, trans- 
former supports, etc., have frequently been charred to some 
extent. There is less danger of fire being caused by the ap- 
paratus which is mainly in use now because, with the exception 
of auxiliary apparatus as used by one company but now being 
discontinued, the plain antenna method of connection of the 
transmitter has been discontinued. This plain antenna con- 
nection brings the full spark gap potential to the roof or deck 
insulator, thereby causing it to break down. A majority of the 
cases observed where the roof or deck was set on fire were 
brought about by this type of apparatus. 

For the benefit of persons who have not given thought to 
the subject of insulating radio transmitters, a few points con- 
cerning insulation may be proper. These points refer mainly 
to the transmitter and include the antenna. 

A, Air is a good insulator. Its insulating qualities are 
least liable to be affected by dust, moisture, or age; also, it is 
cheap. That is, it is desirable to use plenty of air space, when 
practicable, between points where a discharge might take place. 

5. Long and narrow surface insulation is desirable, much 
on the same principle that a long, narrow conductor has a higher 
resistance than a short, thick one. 

r. Insulators having cornigated surfaces, or surfaces which 
furnish tortuous paths, are desirable, as such insulators require 
radio frequency currents to travel over long paths. For the same 
reasons, such insulators are desirable for direct current and 
audio frequency potentials. 

Z>. Non-combustible, non-absorbent materials (for example, 
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porcelain) are preferable tor insulators where it is possible to 
use them. 

E. Insulator surfaces should be kept clean and dry. 

In the earlier days of radio work, a common method of 
bringing the antenna thru the wall of the house was to bring 
this connection thru the middle of a large window pane. This 
practice was usually fairly satisfactorj*- and not very expensive. 

For inside work, the writer adopted a general rule of provid- 
ing surface insulation equal to eight times the sparking distance 
thru air. For example, if the wire used in the circuit would spark 
to objects at a distance of one inch (2.5 cm.) thru air, this wire 
was held awa}'' by a porcelain rod one inch (2.5 cm.) in diameter 
and eight inches (20. cm.) long. 

Porcelain cleats in series are probably as inexpensive an 
insulator as may be used for guying small antennas, considering 
their insulating qualities. 

4. For the purpose of this paper, the currents which are set 
up in conductors not connected to antenna, but due to the radio 
frequency currents in that antenna, will be referred to as 'in- 
duced radio currents'^ and the transference of energy from the 
antenna to other unconnected circuits will be referred to as 
"by radio induction". 

The greatest damages from fire which is known to me 
have occurred where the transmitters were not connected with 
the point which took fire. In these cases the transmitter caused 
high potentials in conductors which were more or less distant 
from the transmitter; that is, these conductors acted somewhat 
as receiving antennas, and were close enough to rise to a high 
potential. Where these conductors consisted of telephone 
circuits the lightning arresters provided on the telephone circuits 
usually short circuited to ground by the fusing of the metal in 
the arrester. 

This grounding of the telephone circuits usually rendered 
the telephone circuit inoperative. In the cases of lighting and 
power circuits carrying direct current or alternating current, 
such as 60 cycle alternating current, the high potential radio 
frequency alternating current induced on these lines was ap- 
parently superimposed on the direct current or audio frequency 
alternating current. The radio frequency current produced on 
these lines was frequently of very high voltage comparatively 
while the other current (direct, or audio frequency) on the lines 
was of comparatively high amperage. When the radio potential 
occurred at a point within striking distance of an object at op- 
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posite potential, it apparently discharged and carried the direct 
current or audio frequency current over after it. In many cases 
the arcs so formed held until the terminals of the arc or part of 
the circuit burned away. Power transformers, lighting trans- 
formers, motors, generators, relays, magnetos, watt meters, 
ammeters, volt meters, lamp sockets, rosettes, etc., burned out 
or were rendered inoperative apparently from this cause. On 
a number of occasions lamp cord carrying 110 volt direct current, 
or 60 cycle alternating current, has been short circuited, and 
on one occasion an 8 foot (2.4 meters) drop cord disappeared in 
flame and a nearby motor was short circuited. On other oc- 
casions, lamp cord lying against wooden moulding short cir- 
cuited and burned, setting fire to the wooden moulding. On 
these occasions, people were nearby and put the fire out before 
it reached any material magnitude. 

On one occasion receiving and transmitting apparatus were 
located very near to the transmitter. The result was that 
motor and generator windings, relay windings, reactance coil 
windings, etc., were repeatedly short circuited. This was 
stopped by providing radio frequency paths thru condensers 
across points which developed high radio frequency potential; 
also, by placing the wiring in grounded iron conduit, and the 
short sections of wiring of the switchboard in grounded lead 
covered wires; and finally, by placing a grounded wire netting 
screen between the transmitter and the apparatus. All of these 
expedients were put into effect before noticeable potentials 
were avoided. 

Radio frequency currents possibly in some cases have been 
superimposed on high tension circuits of the transformers, at 
least across portions of the secondary of such transformers. 
It is not quite so easy to conceive how this radio frequency 
potential may occur in the secondary where so many turns of 
fine wire are used.* However, when transformers were placed 
in certain relation and near radio frequency circuits they broke 
down sometimes between sections and sometimes from secondary 
to primary, and similar transformers when substituted and moved 
further away or turned at an angle did not break down. 

In the United States in 1901, in order to prevent induction in 
mast guys, these guys were made of rope. In 1902, owing to the 
stretching and contraction of the rope in dry and wet weather, 
the writer substituted steel guys with rope blocks and falls at 



*A probable explanation is the distributed capacity of the secondary 
windings and consequent internal resonance effects with breakdown. 
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the bottom of the guys to serve both as insulators and as means 
for adjusting the guys. About this time, or before, others used 
wooden strain insulators in the guys. On some occasions both 
the rope insulators and the wooden strain insulators were burned 
by current leakage between the guys and ground. Even on 
shipboard, attempts were made at times to insulate guys and 
stays between masts. However, owing to the diflSculty of 
providing insulation which would not leak, the principle of 
thoroly grounding the stays and guys was adopted. Stays 
and guys and other metallic conductors, such as hand rails, 
occasionally discharged to passengers, causing considerable ex- 
citement and fear on the part of some steamship companies 
that passengers might be electrocuted. The remedy used for 
this was thoroly to ground stays and guys, etc. Even the metal 
whistle cords on vessels occasionally discharged to damp wood 
work, etc., and often a person who tried to manipulate the whistle 
received a shock. These were grounded by using flexible wire 
ground connection. Steel beams, steam pipes, long bolts, anchor 
chains, and other conducting materials, on vessels, have been 
known to spark to ground or to other conductors. Conduits 
containing electrical wiring have apparently discharged to the 
ends of wiring where the conduits were not grounded. Metal 
roofs in the vicinity of land stations, and metal roofs of wharves, 
have discharged to ground, causing charring of the wood to 
such an extent that fear of fire resulted. 

On account of sparking on their vessels, one line had a 
tendency to accuse the radio apparatus of being responsible for 
nearly anj'^thing that went wrong with the electrical circuits on 
the vessel, even going so far as to say that the radio currents 
went down thru the vessel and into the water condenser of the 
engine and caused electrolysis to such an extent that the water 
condenser had to be replaced! 

On a line where the vessels were almost entirely constructed 
of wood, sparking, charring, and injured api)aratus resulted at a 
number of points. The mast stays were wrapped with houslin 
and passed thru thimbles connected to the hull of the vessel, 
thereby insulating the mast stay from the hull of the vessel by 
the houslin. This houslin was set on fire and burned away, due 
to the sparking between the mast stays and the hull of the vessel 
via the thimble. On these vessels the mast head lights, running 
lights, and port and starboard lights, were connected to the pilot 
house signal light switch board by means of rubber covered twin 
conductors without metal covering. All of these signal light 
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circuits were burned out from time to time due to sparking across 
the lines or between the lines and ground. Annunciator circuits 
and call bell circuits thruout the vessels discharged to metal 
portions of the ship, and in some cases caused slight charring 
of woodwork. 

On one occasion a steamship company asked that their 
vessel be gone over with a view to preventing any possibility of 
igniting explosives which they expected to carry. In this case 
it was recommended that all metallic conductors in the hold and 
in the vicinity of the hold be thoroly grounded and electrically 
connected together, even the short metal ladders and supports 
which extended from one deck to another. 

Three instances are recalled of wooden masts set on fire 
due to the discharging of guys to each other thru the wood- 
work of the mast. In two of the cases the masts were burned 
off several feet from the top. In these cases the guys were 
50 feet (15 meters) or more from the antennas. 

It has been found that radio currents were induced in the 
metallic paint on masts and on some occasions the metal paint 
was removed and a portion of the mast varnished. Some years 
ago it was the rule to make all radio masts of wood. Also wooden 
top masts have been required on shipboard because of^tlje radio 
apparatus. 

Regarding the ability of sparks to start fire, that obviously 
depends on the heat developed by the spark and the heat required 
by the combustible material. Very small sparks are almost 
universally used for igniting gas or gasolene vapor in gas engines, 
and it is quite possible that similar gas might be ignited by 
equally small or smaller sparks on shipboard or at other points 
near radio stations. Sparks developed by radio transmitters 
might be capable of igniting oils such as are found, for example, 
in the paint lockers on vessels. Theoretically, radio might cause 
distress conditions by setting the ship on fire and then relieve 
these conditions by bringing aid! 

While the paper has been confined practically entirely to 
personal observations, the conclusion is not to be drawn that the 
damaging results always occur. The instances mentioned 
practically cover all the cases noted during a period of about 
15 years use of radio frequency circuits, including radio fre- 
quency apparatus operated under a large variety of relations to 
adjacent conductors at stations on both coasts of the United 
States, at numerous points inland, and on the vessels of several 
nations. 
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Protection against radio frequency currents of dangerous 
potential being induced in low potential direct current of audio 
frequency circuits may be brought about to a considerable extent 
by taking advantage of the ways in which radio frequency 
currents differ from direct current and audio frequency currents. 

Condensers of small capacity impede radio frequency currents 
very much less than audio frequency currents; (that is, radio 
frequency currents usually find an easy path thru small con- 
densers, while practically no 60 cycle current or direct current 
will flow thru small condensers.) For practical purposes small 
condensers may be assumed to be good conductors for radio 
frequency currents and insulators for direct current and alternat- 
ing current having frequencies in the neighborhood of 30 to 
500 cycles. 

Condensers have been installed in series with fuses to ground. 
This practice is objectionable because if the fuses burn out, the 
lines are left unprotected at a time when such protection is 
most likely to be needed, and unless the fuses are in some way 
arranged to notify some person, it is quite probable that they 
will not be known to have burned out until after damage occurs 
to the low tension circuits. 

Mica condensers in which lead foil was used have been found 
to provide automatic self fusing devices without destroying 
the service ability of the condenser; for example, when a sheet 
of mica punctured making a small hole, the lead foil melted 
away from around the hole until the arc was extinguished and 
the condenser then operated as before. 

Radio frequency currents do not penetrate very far into the 
conductor, or flow to any great extent in a conductor when that 
conductor is screened by a concentric conductor such that the 
radio frequency may flow in the concentric conductor; thus, 
for example, very little if any radio frequency current will be 
induced in a pair of rubber covered copper wires enclosed in an 
iron conduit, where the iron conduit is grounded at intervals. 

Low potential circuits have often been protected from radio 
frequency potentials by grounding the low potential circuits 
thru high resistance rods made up of carbon and clay; and in 
some cases by using incandescent lamps between the conductors 
and ground. The writer has always considered this an objection- 
able practice, because to some extent it grounds the low po- 
tential circuits, which are usually better ungrounded. Also, 
according to the experience of the writer, these high resistance 
grounds have apparently offered, as a rule, greater impedance 
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to the radio frequency currents than small condensers offered. 
Slate switchboards sometimes served as protectors to low fre- 
quency circuits because their resistance was suflSciently low to 
allow them to act much as the high resistance protective rods. 

Less trouble has occurred since more metal has been used in 
the construction of ships, in the form of bulkheads, decks, and 
supports. In addition, the doing away with wiring in wooden 
moulding and the substitution of metal moulding, conduit, and 
metal covered cable has prevented radio frequency currents from 
teing produced in the direct current and audio frequency wiring. 
Lead covered wire has been used sometimes, but has occasionally 
caused trouble when the lead has been mechanically forced thru 
the insulation and against the copper. It is probably preferable 
to use lead covered wire in protecting metal conduit with drains 
in the lower portions of the conduit to take care of sweating, etc. 

Besides preventing sparking, another reason for thoroly 
grounding the stays and mast guys on vessels was the assumption 
that less energy is absorbed from the radio waves by thoroly 
grounding these stays than that which would probably be con- 
sumed in the resistance over leaking insulators. 

The increasing knowledge and improving practice of profes- 
sional radio engineers decreases the probability of damage. 
However, inexperienced persons instal transmitting and receiving 
stations from time to time, using such various types of apparatus 
as their circumstances and knowledge provide. Such stations 
as these are frequently erected in private houses, where sparks 
may occur on combustible material, and where telephone and 
lighting wires may not be protected by conduit or grounded 
metal covered wire, and where the antennas may be above or 
may parallel nearby telephone, fire alarm, lighting, and power 
wires. It might be useful to offer a set of rules to cover the 
various possibilities, but that would require very careful study, 
if these rules were drafted, to prevent imposing hardship on the 
young experimenter and radio student, who generally is limited 
as to means. 

Rules might be prepared by a Joint Committee of the Amer- 
ican Institute of Electrical Engineers and The Institute of 
Radio Engineers. These would make a useful addition to the 
Underwriters* Rules and improve engineering practice. 

The radio laws which require low decrement and practically 
single waves to be radiated from transmitters, made for the 
purpose of preventing interference, may serve as a protection 
against radio transmitters causing damage. These laws, with 
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their resulting regulations, aid in eliminating the plain aerial 
type of transmitter whereby the antenna was raised to ex- 
cessively high potentials, and because of the lower decrement, 
nearby circuits, unless their natural period is somewhat near 
that of the radio frequency, may not be excited to such an 
extent. High group frequency transmitters and especially trans- 
mitters of constant amplitude waves use lower voltage for equal 
power, which results in lower voltages being induced in nearby 
conductors. These types of transmitters are coming into general 
use and the constant amplitude wave transmitters may be the 
transmitters of the future. Therefore, the probability of damage 
should continue to decrease. 

When the current flows in an antenna, magnetic and electro- 
static fields are produced around that antenna; therefore all 
conducting materials in these fields are conductors in the di- 
electric of a condenser, and at the same time they are conductors 
which cut a magnetic field. Considering the antenna as one plate 
and the earth as the other plate, and the air between all parts 
of the antenna and the earth as the dielectric, all conductors 
within this air space will be at a different potential from both 
the antenna and the earth, while this condenser is being charged. 
As the antenna may be periodically charged to a high potential, 
the conductors in the dielectric may be periodically at a high 
potential with respect to earth, depending on their distance 
from the earth and from the antenna. If these conductors are 
at any time raised to a potential suflSciently high to break down 
the solid or air insulation between them and earth, they will 
discharge or spark to earth. Now, if these conductors are car- 
rying another current such as direct current with a direct current 
potential difference to ground, then the direct current will as a 
rule, it may possibly be said, follow the spark, and establish an 
arc which may hold until the circuit is opened by some portion 
burning away whether that portion be a fuse, a wire line, or 
generator winding. In the same manner both terminal wires 
of a motor or generator may spark simultaneously to the arma- 
ture core, and produce a short circuit. This may occur whether 
or not the motor or generator is grounded because the motor or 
generator usually occupies a relatively different position in the 
dielectric from that occupied by the line wires. 

Where conductors are within sparking distance of the antenna 
a discharge may take place, altho the conductors may be in- 
sulated from ground and from the antenna, and this for the same 
reason that such conductors discharge to ground. For example, 
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antenna circuits frequently discharge to such small masses of 
metal as wood screws, altho the surrounding wood is a good 
insulator. 

Conductors are usually so placed as to cut the magnetic 
lines emanating from the antenna or the closed circuit of the 
transmitter; and a potential difference between the ends or 
portions of a system of such conductors may result which will 
break down the insulation. If these ends or portions are, for 
example, the opposite terminals of a motor or generator, or the 
terminals of a magnet, a short circuit may result. The electro- 
static and magnetic fields may work together to produce such 
damage. 

The shorter waves formerly used may have corresponded 
more nearly to the natural wave lengths of conductors which 
were found on shipboard in the lower potential circuits than do 
the longer waves used at present. When the conductor which 
tends to spark to ground or to the frame of a dynamo is con- 
nected to ground or to the frame thru a condenser, and where 
that condenser is relatively of much higher capacity than the 
capacity of a conductor to ground or to the object to which 
it tends to spark, the effect is probably somewhat similar to 
bringing the conductor quite near to the ground or the frame, and 
the nearer the conductor is to ground or to the frame, the lower 
the potential difference that exists between the conductor and 
ground or frame. That is. the conductor will be brought to a 
point of lower potential in the potential gradient between the 
antenna and ground. Or this protective condenser may be 
possibly regarded with fair correctness as a very low impedance 
so far as the radio frequency potential is concerned; and where 
a relatively low impedance is in circuit, the potential across 
that impedance must be relatively low. In other words, a 
relatively low impedance is provided for the radio frequency 
current around the insulation provided for the direct or audio 
frequency current. 

Tast made at the United Wireless Telegraph Company's 
Manhattan Beach station on Aug. 21, 1909, are interesting in 
these connections. 

Referring to the Figure: 

1, 2, 3, 4, 5, 6, 7, 8, 18, 19 represent the United Wireless 
transmitter. 

1. 2 K. W. 60 cycles transformer. 

2, 3, 4, 5. Connections between transformer secondary 
and condenser. 
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6. Connection to coupler. 

7. Helical coupler (oscillation transformer). 

8. Antenna. 

18. Spark gap. 

19. Ground. 

c — c Condenser (Ley den jars). 

9. 10, 13, 14 represent the relative position of two test wires 
each of number 10 B. & S. rubber covered copper wire* 5 feet 
(1.5 m.) in length. The wires were parallel and 3 inches (7.62 
cm.) apart. These wires were open and insulated, and their 
lower ends were either brought near together or near to the 
earth or motor generator, so as to ascertain over what length of 
gap they would discharge. 




T*H At Martha tian Be^ch SUtton 
Avfuft 21, J903 



15-16 repre?*ents a 2 K. W. Holtzer Cabot motor generator, 
on an iron base, insulated from ground. Motor (15), Generator 
(16). The motor generator was disconnected, power for the 
transmitter being taken from the city mains. 

G, Wire connected to copper plate in earth, approximately 
1.^ ^"'»* ''^ m.) long. 

of num!>cr 10 win; =0.102 inch =0.2.59 cm. 
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The transmitter operated at full power, and radiated two 
waves (at 500 and 960 meters). 

a. Test conductors at 9 and 10. No noticeable discharge 
between two lower ends. 

fe. Same at 13 and 14. 

c. 9 or 10 discharges over 0.25 inch (0.6 cm.) air gap to 
ground (G). 

d. 13 or 14 discharges over 0.17 inch (0.4 cm.) air gap toG. 

e. 9 or 10 discharges over 0.06 inch (0.15 cm.) gap to motor 
generator (insulated from ground). 

/. 13 or 14 discharges over 0.03 inch (0.08 cm.) gap to motor 
generator (insulated from ground). 

g, 9 in grounded Greenfield conduit discharges approximately 
0.01 inch (0.025 cm.) to ground (G). 

h. 9 in ungrounded Greenfield discharges 0.22 inch (0.55 cm.) 
toG. 

t. 9 in grounded Greenfield discharges 0.14 inch (0.35 cm.) 
to ungrounded motor generator. 

j. 9 in Greenfield connected to motor generator, discharges 
less than 0.01 inch (0.025 cm.), to motor generator. 

k, 9 in Greenfield connected to motor generator shows no 
discharge to motor windings. 

I, 9 in grounded Greenfield discharges 0.14 inch (0.35 cm.) 
to motor windings. 

m, 9 connected thru 0.013 ftf. condenser to motor generator 
shows no discharge to either motor generator frame or motor 
windings. 

n. Motor generator discharges 0.22 inch (0.55 cm.) to ground 
(G) when 9 is connected to motor generator thru 0.013 Atf. 

o. Motor generator shows no discharge to ground when 
connected to ground thru 0.015 fif. (conductor 9 was connected 
to motor generator thru 0.013 ftf.). 

Considering the antenna and earth together with the inter- 
vening air as a condenser, if we wish to protect conductors in 
this air dielectric against discharges from one plate or the other 
of this condenser, we must do one of two things: Either thoroly 
insulate the conductors to be protected or connect them elec- 
trically to the plate to which they have a tendency to discharge. 
That is, they must be thoroly insulated or made part of one 
plate or the other. As the insulation between low voltage circuits 
and ground is as a rule only sufficient to insulate the normal 
potential on the low voltage circuits, it is necessary to provide 
means for connecting these circuits to ground so far as radio 
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frequency currents are concerned, or to enclose them within 
the ground plate of the condenser rather than in dielectric. 

The case is one of conductors subjected to alternating stress 
in the dielectric of a condenser and at the same time to an 
alternating magnetic field. 

The problem is to prevent these conductors from sparking. 
The usual solution is to groimd thoroly all conductors which are 
not there for the purpose of carrying current, and to enclose 
current carrying conductors in grounded metal coverings (e. g. 
metal conduit). Where this is not practicable, it is desirable to 
connect the current-carrying conductors to ground and to each 
other thru condensers (e. g. lead foil and mica condensers of 
approximately 0.17 /itf. capacity tested at 500 volts, 60 cycle 
alternating current and enclosed in copper water-tight cases). 
In building a radio station, it is desirable to place all current- 
carrying conductors (other than radio) underground so far as 
practicable (and especially telephone conductors). The first 
continuous grounded metal deck of a vessel, below the radio 
transmitter, may be usually considered as the surface of the 
ground in so far as this protective effect is concerned. 

SUMMARY: Various types of possible danger from radio installations are 
considered: shocks to the operator, short-circuit from lightning or from con- 
tact with high tension power lines, breakdown from the high tension circuits 
of the radio transmitter itself, and harmful inductive effects from radio 
transmitters. 

In each case, instances are given together with the proper means of avoid- 
ing the undesired effect. In this connection, some detailed experiments are 
described. 
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DISCUSSION 

Benjamin Liebowitz: In the protection of radio frequency 
apparatus, one of the most important points is the insertion of 
choke coils to localize properly the radio-frequency energy. 
I do not think it is £us fully appreciated as it should be that 
multiple-layer coils are almost useless for this purpose. Because 
of their large effective distributed capacity, radio frequency 
currents are propagated with great ease thru such coils, and 
often with disastrous results. Thus, in one instance, I employed 
as a choke coil an inductance of about 600 turns of number 18 
B. and S. wire* wound in 30 turns per layer, and burnt out a 
generator in consequence. I replaced this coil by six single- 
layer spirals about twenty-four inches (61 cm.) in inside diameter, 
each spiral having eighty turns of copper ribbon 0.50 by 0.01 
inch (1.27 by 0.025 cm.) in section insulated by paper ribbon of 
the same section. The six spirals in series had somewhat less 
inductance than the multiple-layer coil first used, but to currents 
less than 100,000 cycles in frequency they were an almost perfect 
barrier. It cannot be too strongly emphasized that distributed 
capacity is just as undesirable in choke-coils as it is in radio 
frequency circuits. 



•Diameter of number 18 wire =0.040 inch =0.010 cm. 
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SUSTAINED WAVE TRANSMISSION CHART* 

By 

Tyng M. Libby 

(Bremerton Navy Yard) 

Radio engineers are frequently called upon to estimate the 
range of radio transmitters, and to predetermine the height of 
antennas, wave length, and power required to cover a given 
range under average conditions. While estimates may be made 
from a wide experience with a large number of stations, the 
writer is of the opinion that closer approximations may be 
made by the calculation of these factors by means of semi- 
empirical formulae derived thru the correlation of data obtained 
thru tests. In order to determine which formula most nearly 
represents the observed results of daylight transmission, a 
comparison of the following sustained wave formulas has been 
made: 

The SoDimerfeld^ theoretical formula: 

1. L r /~~*r~ 0.0019 d 

j^^s^^h^ijL . r w (1) 

?M R ^ sin (f 

The Austin* semi-empirical formula: 

1. L 7 Fa" o.ooi6d 

The Fuller' semi-empirical formula: 

L L T r ^ 0.0046<f 

I ^^jjbMsJJ^ . e~~^ (3) 



The formula* given in Eccles' "Hand Book": 

1. r T 0.0046rf 

/, = 4.25'''??i' . s- ^l (4) 

/a 

In these formulae, /, and Ir are sending and receiving 



♦Presented before The Institute op Radio Engineers, Seattle Sec- 
tion, June 10, 1916. 

» A. Sommerfeld, "Ann. der Phys.,'' 28, 1909. 

* "Bulletin of the Bureau of Standards," volume 11, number 1, Nov., 1914. 

»L. F. Fuller, "Proc. A. I. E. E.," volume 34, number 4. 

*"Hand Book of Wireless Telegraphy and Telephony," Eccles. 
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antenna current respectively in amperes; hi and ht the eflfective 
heights in kilometers of the transmitting and receiving antennas, 
respectively; k is the wave length and d the distance, both in 
kilometers; R is the radio frequ ency resistance in ohms, of the 

receiving system. The term ^ f— — - accounts for the effect of 

\8in0 

the curvature of the earth, representing the angle, at the 

center of the earth, subtending the distance d. For practical 

purposes this term may be considered equal to unity. 

Table 1 gives some of the results of receiving tests at Darien,* 
with audibilities calculated from formulas (1), (2), (3), and (4). 
The received watts corresponding to unit audibility* were taken 
as 1.23x10"*^^ and the audibility taken as proportional to the 
received current. 

The values given by equation (1) are in fair agreement with 
the observed results at the shorter distances. For the longer 
distances, the calculated values are so low as to support the 
conclusion of Dr. Austin*, that equation (1) represents the very 
lowest values of received energy, and that at the greater distances, 
these are strengthened by reflection from the upper strata. 

Equation (3) gives absurdly high values as compared with 
the observed results, and might possibly be due to difference 
in types, and methods of manipulation of receiving apparatus, 
€tc., when this formula was derived. 

Equation (4) is in closer agreement with the observed values 
on shorter distances than the Austin formula. At the greater 
-distances, however, the values are extremely high. This formula 
as given by Eccles, assumes a value of 25 ohms for R. In these 
computations, the term R was introduced into the equation, 
which changed the coefficient 4.25 to 106.25. 

Attention should be called to the publication in differeni 
places of equations (3) and (4) as Fuller^s equation. These 
two equations are not at all in agreement, and without a copy 
of Mr. Fuller's original paper,^ one would be at a loss as to which 
was the 'TuUer Formula." 

Of the four equations, (2) gives the most consistent values, 
and as a whole may be taken as a close approximation. It is 
noticed that the audibility of Arlington as calculated by equa- 
tion (2) is in good agreement with the observed value. It is 
suggested that this may be due to the fact that equation (2) 
was derived from data taken at that station. 

*L. W. Austin, "Experiments at the U. S. Naval Radio Station, Darien, 
Canal Zone," "Proc. I. R. E.," volume 4, number 3, 1916. 
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The writer has made many audibility tests on naval ships- 
and shore stations, and while the data obtained cannot be dis- 
closed, it may be stated that the values calculated by equation 
(2) were f oimd to be in fair agreement with the observed values, 

A simple algebraic solution of equation (2) for the values 
/ and d is impossible, since they occur linearly and exponentially. 
For the purpose ot comparing observed results with equation 
(2) predetermining /, hi, hi and /, to cover a given range, and 
for readily solving for d, a chart has been prepared by the writer. 
This chart is similar to the one for spark transmitters, which 
was submitted tor publication by the writer's co-worker, Mr. 
H. G. Cordes.« 

The radio frequency resistance of the average receiving 
system is about 25 ohms. Assuming this value for R and stating 
equation (2) in English units: — 

U h T 0.0877 d 

ir=m^'^Y' ■ r v-A (5) 

Ir in micro amperes. 

/, in amperes. 

^i and hi in feet. 

;i in meters. 

d in nautical miles. 

Dividing (5) algebraically, and stating logarithmically: 

/, . , / 0.0877 rf, , . .^. 

loQio —^ + logio , r r = 1^— %io s - logio d (b) 

757 hi hi Ig ^/;^^ 

A number of curves (the broken curves in the chart) for 

various values of Ir are plotted with ordinates > and 

hi hi I» 

abscissas, 

For each of a number of wave lengths additional curves (full 
line ciu-ves in the chart) are plotted over the same abscissa 
equated thru the expression 

0.0877 c/, , ^ 
y^— log t — logd 

Vk 
with d as ordinates. 

The Ig curves (broken line) are marked in terms of audibility 
using the oscillating audion as a detector, the received energy 
required for unit audibility being taken as 1.23X10"^^ watts^, 

•"Electrical World," volume 66, number 23, 1915. 
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and the audibility assumed to be proportional to 7^. The 

current required for unit audibility thru 25 ohms, using the 

ultraudion detector, is therefore 0.007X10"® amperes. 

Fuller found that the received energ>' required for unit 

audibility using a rotary tikker is 3.2X10"^^ watts', or 3.56 X 

lO"® amperes thru 25 ohms. Since the audibility with the 

tikker detector varies directly as the current, the audibility 

curves in the chart may be used for that detector by multiplying 

*u • A'u'v^ u 0.007 X 10-® ^^^^ 

the given audibility by « co CT^TTT ^^ 0.002. 

If using a detector other than the ultraudfon, the value of 
the curves in terms of Ir can readily be determined from their 
values expressed in audibility. 

To solve for d with a given set of transmitter values, proceed 
as follows: 

1. Compute c'C'i^' 

hi /i2 if 

2. Locate this value on the left-hand ordinate scale and 
follow in horizontally to the intersection of the broken curve for 
the audibility desired. 

3. From this intersection, proceed vertically to the solid 
line for the wave length used. 

4. From this last intersection, proceed horizontally to the 
right, and read the required value of d on the right-hand ordinate 
scale. 

To predetermine the value of required to cover a 

hi hi if 

given range, the operations are just the reverse of these for 

determining d. 

To find the value of Ir as calculated by equation (2) when 

all other factors are known: 

1. Locate d on the right-hand ordinate scale, and follow 
in horizontally to the solid curve for the wave length used. 
(Note the abscissa at this intersection.) 

2. Compute - 

hi hi 1 9 

3. Locate this value on the left-hand ordinate scale, and 
follow in horizontally to the abscissa noted in operation 1. 
The audibility curve upon which this last intersection lies, is the 
audibility required. If this last intersection does not lie exactly 
on one of the audibility curves plotted, it is but a simple matter 
to interpolate. To express the audibility in micro-amperes thru 
25 ohms, multiply by 0.007. 
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In predeterminations, under ordinary conditions, the writer 
uses a factor of safety of 12 times the minimum audibility re- 
quired. In exceptional cases, such as high intervening moun- 
tains, in short distances, and in the use of short wave lengths, a 
factor of safety of 16 times the audibility required, would not 
be too large. 

The Austin-Cohen^ daylight transmission formula for damped 
transmitters 

1. r T 0.0015 d 

/, = 4.25^^' • e-'il- (7) 

A Of 

has been found to agree fairly well with observed results, on 
wave lengths up to 4000 meters and distances up to 2000 miles, 
where the transmitters were coupled loosely enough to radiate 
but one wave. 

Expressed in English units (7) becomes 

ITT 0.0877 d 

Ad- 
Transposing and stating logarithmically 

7 It , 1 ^ 0.0877 d, . , . /n\ 

It will be noticed that the right side of equation (9) is 
identical with that of equation (6). The full line curves for 
wave lengths in the chart, therefore, are the same for damped 
and sustained wave transmitters. 

If in the chart, a set of /^ curves were plotted with ordinates 

T , • and abscissas log~~+log , / ^ > this chart could be 
nxn^lt 212 liin^iB 

used for both damped and sustained wave transmitters. 

Dr. Austin has found that an audibility of sixteen, or 28 X 10 ~® 
amperes thru 25 ohms, insures good communication thru strays 
and interference, using the electrolytic, or the perikon de- 
tectors. 

In order to make the chart applicable to damped transmission, 
the dot and dash curve has been plotted, the value of Ir being 
taken as 28X10"^ amperes. 

While it is admitted that a transmission theory, rather than 
a transmission formula is desired, I do not think that more sus- 
tained wave transmission data would be undesirable, and I make 
this attempt to stimulate activity in this line. 

^"Bulletin, Bureau of Standards," volume 7, number 3, 1911; volume 11, 
number 1, 1914. 
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SUMMARY: The Sommerfeld, Austin, Fuller, and Eccles transmission for- 
mulas are compared with available data, and the conclusion readied that the 
Austin formula is most nearly correct. A chart is given whereby, given any 
five of the six quantities: wave length, transmitting and receiving antenna 
heights, distance of transmission, transmitting current, and received audi- 
bility, the sixth can readily be obtained. Tho specially intended for sustained 
wave reception using the ultraudion, it is shown that the chart can also be 
used for other detectors and damped wave reception. 
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QUANTITATIVE RELATIONS IN DETECTOR 
CIRCUITS* 

(A Discussion on Mr. Armstrong's Paper on ''A Study of 
Heterodyne Amplification by the Electron Relay/') 

By 
Benjamin Liebowitz, Ph. D. 

The object of this discussion is to bring out certain funda- 
mental relations in simple detector circuits, and thereby to 
determine directly the maximum amplification which can be 
attributed to the heterodyne principle. The chief assumptions 
are (1), that the predominant reaction in the detector circuit 
(D K of Figure 1) is that due to the resistance of the detector 
D, and (2), that this resistance is so high that the energy ab- 
stracted by the detector circuit from the oscillatory circuit IX! 
is very small. Under these circumstances, there will be an 




1 



K 



Figure 1 — Typical Detector Circuit 

approximately simple harmonic e.m.f. impressed on the detector 
if the received signals are simple harmonic, as we shall suppose, 
and the current thru the detector can then be determined. 

Two types of detectors will be considered, viz., "perfect" 
rectifiers and '^approximate" rectifiers. The method of procedure 
in each case is to compute the radio frequency currents as well 
as the audio frequency currents flowing in the detector circuit, 
and by comparison of these to determine what part of the 

* Received by the Editor, November 1, 1916. 
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energy abstracted from the oscillatory circuit is useful in produc- 
ing an audible frequency telephone current. 

Case I. "Perfect'* Rectifiers 
A "perfect" rectifier may be defined as one which has a 
constant resistance in one direction and an infinite resistance in 
the other direction. The voltage-current characteristic for such 
a detector is shown in Figure 2. 




Figure 2 — Characteristic of "Perfect" Rectifier 



When a simple harmonic e.m.f. is impressed on a rectifier 
of this kind, the resulting current will obviously be a succession 
of sine loops, such as shown in Figure 3. If the e.m.f. is e sin pt 






Figure 3— Current Thru "Perfect" Rectifier 



and the finite resistance of the detector is fi, the amplitude of 



these loops will be simply 



R 



This succession of loops is readily decomposable into a 
Fourier's Series. By the usual process the series is found to be 

gill 2 2 1 

~{- --cospt+—cos2pt-~^^- cos4pt+ ' ' ' > 
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l/o = o ^py approximately. 



We have here a rectified current of magnitude -- > a 

z ti 

1 e 
fundamental radio frequency current of amplitude -- » and a 

2 R 

series of smaller overtones. If the rectified current is denoted 
by yo and the amplitude of the fundamental radio frequency 
current by Fp, it follows, therefore, that 

2, 

3 

Hence we see that the magnitude of the useful current is only 
about two-thirds of the amplitude of the fundamental radio fre- 
quency current flowing in the detector circuit. 

The average rate at which energy is being drawn from the 

1 e* 
oscillatory circuit L C is - • — (being half of that which would 

4 R 

obtain if the detector had resistance R in both directions). 

1 6* 1 e* . 

Of this energy, -^'-^ is in rectified current, - -- is in fundamen- 
TT R o R 

tal radio frequency current, and the rest is in the overtones. That 

is to say, of the total energy abstracted from the oscillatory circuity 

about 40 per cent, is in the form of rectified current, 50 per cent, 

in the form of radio frequency current of fundamental period, 

and the remainder is in the overtones. 

In order to be heard, the continuous series of loops of Figure 3 

may be broken up into trains of audible frequency, so as to 

convert the steady rectified current into one which rises and 

1 e 
falls between zero and -•^- This is equivalent to an audio 

t: R 

1 e 
frequency current of amplitude — -fz^ superimposed on a direct 

27Z R 

current, plus overtones. The energy relations are otherwise 

unchanged, for the preceding analysis is applicable to each 

train or to each loop of each train. 

Instead of being broken up, however, the series of loops 

may be made audible by the heterodyne method. If the ^^other 

force*' is of the same magnitude as the incoming e.m.f. (the 

**equal" heterodyne), then the loops will rise and fall between 

2e . 

zero and — • And since each loop is very nearly pure sine in 
R 

shape, the above analysis is applicable as a close approximation, 

and we therefore obtain a beat frequency current of amplitude 

1 e 

-•— ; which is twice that obtained without the heterodvnc. 

t: R 
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When, however, the local force, say of amplitude Ej is large 
compared with that received, then the loops will rise and fall 

between -— - and — ^-' And if we applied the preceding 
K ti 

analysis, we should still find that the amplitude of the beat fre- 

1 e 
quency current is •— • So that if the detector is a perfect 

TT K 

rectifier, the heterodyne method gives twice as great a useful tele- 
phone current as the '^breaking tip" methody irrespective of the 
amplitude of the local current; a result entirely in accord with 
that at which I arrived originally.^ 

In the sense that with a given "perfect'' rectifier the hetero- 
dyne gives twice as great a telephone current as the ''breaking 
up" method gives, and hence four times as much energy in the 
response, the heterodyne may be said to give a four-fold true 
amplification. This interpretation of "true amplification" was 
used by Mr. Armstrong in his paper, and is entirely justifiable; 
but it must not be taken to mean that the heterodyne puts four 
times as much energy into the telephone current as received 
frequency energy abstracted from the oscillatory circuit. This 
question will be taken up in greater detail in the next section. 

The reason for the four-fold amplification becomes perfectly 
clear if we bear in mind that in the "breaking up" method of 
receiving sustained waves we subtract roughly half the available 
energy, whereas with the heterodyne method we add as much 
available energy as we had to begin with. 

I have omitted many of the details of the preceding analysis 
and passed over several points, because, after the Fourier's 
series has been worked out for the succession of sine loops of 
Figure 3, the subsequent results become clear by physical reason- 
ing, and also because the case of "approximate" rectifiers, which 
will now be taken up, is of much greater interest. 

Case II. ''Approximate" Rectifiers 

The characteristic of an ordinary crystal rectifier differs 
from that of a "perfect" rectifier (shown in Figure 2) in that it 
runs slightly below instead of along the current axis for negative 
voltages, in that it has a finite instead of an infinite curvature 
at the origin, and in that it generally curves upward instead of 
being straight for positive voltages. The ordinary rectifier is 
therefore imperfect in two respects: it rectifies no alternating 

* See these Proceedings, June, 1915, page 185, et seq, 
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current completely, and it rectifies relatively large currents better 
than small. 

For purposes of analysis it is desirable to use a detector 
which rectifies small currents substantially as well as relatively 
large ones. To do this, the characteristic of the detector must 
have a rapid, tho finite, curvature at the origin, as shown in 
Figure 4. Such a detector will be assumed in our analysis, and 
will be called an '^approximate rectifier." 



4^ 

I 



Voltajt 



Figure 4 — Characteristic of "Approximate" Rectifier 

The curve of Figure 4 can be represented by a power series, 
or, with suflScient accuracy for all practical purposes, by a dozen 
or so terms of such a series. Furthermore, in order to satisfy 
our definition of an "aproximate rectifier," the sum of all the 
odd powers of the series must be nearly equal to the sum of all 
the even powers; for the odd powers change sign when the voltage 
becomes negative, whereas the even powers do not; so that if 
their sums are nearly equal, they will nearly cancel out for 
negative voltages and the series will be large only for positive 
voltages. Hence, if y is the current and t the voltage, the 
characteristic of our approximate rectifier is represented by 

t/ = ait?+a2t^+a8t?3+a4 2?*+ • • • , 
subject to the condition, when v is positive that 

where A is a small quantity depending on v, 
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In order to deal with the simplest and most favorable ease, 
moreover, the coefficients a^ will all be taken as positive; i. e., 
the detector characteristic will be assumed to be one in which, 
within the given range, the current increases more and more 
rapidly with increasing positive voltage. 

Suppose, now, that, due to the received signals acting alone, 
there is a simple harmonic e.m.f. e sin p ( impressed on the de- 
tector. The resulting current will be: 

y = aiesinpt+a2(^sin^pt+aze^sin^pt+ • • • . (3) 

Remembering that 

8in^d-^^{l-cos2d) 

sin^ d = ~{3sind sin 3 6) 

sin* <? = ^ (3-4 cos 2 O+cos 4 d) ' 
o 

etc., 
we get: 

y = Qi e sin p t+ -a2 e^ (l— cos 2pt) 
+ t03 ^ (3 sin p t—sin Spt) 
+ -aie* (3'-4: cos 2 p t+cos 4 p t) 

o 

+ ~a6€* (lO sin pt — 5 sin3 pt+sin5pt) 
lb 

+ --a6€^ (10 — 15 cos 2p <+6cos4 pt—cos6 pt) 

+ 

+ (4) 

Grouping the terms of this series according to periodicity, 
and denoting the current of zero frequency by t/^j that of fre- 
quency ^ by 2/p, we find: 

1/ 2.3 4. 3X5 ..3X5X7 .. \ ,.. 

^^ 2(. 4 4X6 4X6X8 J "^ 

yp = sinpt<aie+-aze^+ -— af,e^+ * ' ' [ (6) 

Equations (5) and (6) are general formulas for calculating 
the rectified and radio frequency currents flowing thru a 
simple detector circuit of known characteristic. It should be 

38 



Digitized by 



Google 



noted that these formulas do not depend on any of the assump- 
tions we have made regarding the shape of the detector charac- 
teristic. 

Suppose now, to fix the ideas, that ten terms of our series (1) 
are suflScient to represent the detector characteristic. The last 
term of the bracketed expression in (5) will then be 

4X6X8X10 °"^ =^'^'°'°^' 

and the last term of the bracket in (6) will be 0.492 Oge'. 
Since the coeflScients a^ are positive, we get, therefore, the 
following inequalities: 

a2€^+aAe*+ • • • +aioe'^>(he^+^a^e*+ • • • +0.492 aw e^® 

4 

>0.492(a3e'+a4e^+ • • • +aioe'^), 

3 

aie+a3^+ • • • +(he^>aie+-;aze^+ • • • +0.492 a»6» 

4 

>0A92{aie+a3€^+ • • • +««€»). 

Introducing now our assumption regarding the shape of the 
characteristic, i. e., the relation (2), it follows that the brackets 
in (5) and (6) must be of the same order of magnitude. Hence, 
indicating the amplitude of yp by Fp, we may write, as a 
rough approximation: 

I/, = I Fp (roughly) (7) 

For the case of the ^^perfecf' rectifier, on the other hand, we 
2 
3 

Thus, the widely different methods of analysis give results 
of the same order of magnitude, and since, from our conception 
of an ^^approximate" rectifier, we should except this to be the 
case from physical reasoning, the comparison affords an ex- 
cellent check on the mathematical deductions 

Turning now to the behavior of the heterodyne method when 
used in conjunction with an ^'approximate" rectifier, let there be 
a local e.m.f . E sin qt impressed on the detector, and let this 
be large in comparison with the received e.m.f. e sin pt. The 
voltage V in series (1) now becomes E sin qt+e sin p t. In the 
binomial expansion of the expressions {E sin qt+e sin pt)^, two 

terms give a sufficiently close approximation, since - is as- 
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sumed small. There results, therefore, for the current in this 

case: 

y^ai{E sin q t+e sin j> t) 
+02 {B? sin q t+2E e sin pi sin q t) 
+az (£' sin^ q t+3E^ e sin* q t sin p t) 
+04 {E* sin* q t+4 £' e sin^ q t sin p i) 
+ 

+ (8) 

Expanding the terms sin* q t and sin* ^ q t sin pi hy well 
known or easily derived formulas into polynomials involving 
multiple angles, we get: 

y=ai {E sin q t+e sin p t} 
+02) -£* (l —cos 2qt) —E e [cos (q+p) t—cos (q—p) t] > 

+a5<--B' {Ssinqt—sinSqt) 

+ 2E*e[sin{2q-p)t-sin{2q+p)t+2sinpt]> 

+aAE* (o ~" 2 ^^^ ^ ^ ^"^ 8 ^^^ ^ ^ / 

[3 3 

-cos (p-q) t--cos (p+q) t 

--cos (3 q-p) t+-cos {3 q+p) t\ | 

+ (9) 

Grouping all the terms of frequency — (p— g) under the 

2 7Z 

head i/p_,, and those of frequency — p under the head j/p, 

there results: 

2/p-, = |a2£+|a4£^+|^G6£^ 

2/,= |a.+ |a3£^+|g|as£^ 

Equations (10) and (11) are independent of any of the as- 
sumptions we have made regarding the shape of the detector 
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characteristic, and are, therefore, general formulas for calcu- 
lating the beat frequency and received radio frequency currents 
flowing thru a known heterodyne detector circuit, when the 
local E.M.F. is large in comparison with that receiver. 

Again supposing that ten terms of the series are suflScient, 
the last term of the bracket in (lO) becomes 2.46 aw E', and of 
that in (11), 2.46 ctqE^. Hence there results the inequalities: 

a2E+a4E^+ • • • +aio£«<a2£+|a4£»+ • • • +2.46aio£» 

<2.46(a,£+a4£'+ ■ • • +ai«£:»), (12) 

ai+a»E»+ • • • +a,£»<a,+|a»£«+ • • ■ +2.46a,£» 

<2.46(ai+a3£«+ • • • +a,£»). (13) 
Also, from (2) we get 

ai+a»E*+aiE*+ ■ ■ ■ =atE+a^E''+a,E^+ ■ ■ • +-• (l4) 

And since the slope of the curve of Figure 4 is small at the 

A 

origin, - will be a small quantity and ai+azE^+ • • • will 

therefore be nearly equal to (hE+a4E3+ • • • . From 
(12), (13), and (14) it follows, therefore, that the brackets in 
(10) and (11) must be of the same order of magnitude. 
Hence, denoting the amplitude of yp by Yp and that of 2/p_, by 
Yp^qj we may write, as a rough approximation, 

rp.,= yp (roughly). (15) 

White we have used a relatively small number of terms of 
the series (1) to get the result (15), the truth thereof would not 
be affected even if it were necessary to use many more terms. 
And we may be sure that in all practical cases the rectifier 
characteristic can be quite accurately specified by comparatively 
few terms. 

A comparison of (15) and (7) shows that for a given Fp, 
i. e., for a given amount of received frequency energy in the 
detector circuit (which is the only fair basis of comparison), 
the heterodyne method gives roughly twice as much audible 
frequency current and hence four times as much energy in the 
response as the '^breaking up*' methods give, when the detector 
is an "approximate*' rectifier. In this sense, the four-fold am- 
plification of the heterodyne method has once more been dem- 
onstrated, but only in this sense. For, inasmuch as the received 
frequency energy abstracted from the oscillatory circuit must 
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be but a small fraction of the total received energy, the result 
(15) proves that no matter how large the local heterodyne current 
may be, the energy in the response must always be less than the 
energy in the signal. 

The assumption in this analysis of the ''approximate" 
rectifier characteristic of Figure 4 brings out the best that both 
methods are capable of. In general, however, practical rectifiers 
do not have as rapid a curvature at the origin as we have assumed 
here, i. e., they rectify large currents much better than small. 
Hence the departures of practical characteristics from condition 
(2) will lessen the effectiveness of the ''breaking up" methods 
far more than that of the heterodyne method. It is for this 
reason that considerably more than a four-fold amplification is 
obtained by the heterodyne method, as was brought out very 
clearly by Mr. Armstrong in his paper. In short, the real ad- 
vantage of the heterodyne method, aside from the production 
of a musical tone, lies in the more efficient use of the detector 
characteristic than is possible without it. 

The results contained herein do not reflect any discredit 
whatever on the heterodyne principle itself, but only upon those 
theories which purport to show that more could be done there- 
with than the laws of nature would allow. 

SUMMARY: In the case of a simple receiving system it is shown that even 
with a "perfect" rectifier, as defined, there is more high-frequency energy in 
the detector circuit than is associated with the rectified current. Also, with 
a "perfect" rectifier it is shown that the heterodyne method gives just four 
times the energy in the response as the "breaking up" methods give, ir- 
respective of the amplitude of the local E. M. F. 

"Approximate" rectifiers are defined. General formulas are derived 
for calculating the rectified current and the received radio frequency current 
flowing in a simple detector circuit of known characteristic; also, general 
formulas for calculating the beat frequency current and the received radio 
frequency current in the case of the heterodyne, when the local E. M. F. is 
larger compared with that received. From these formulas, and from the 
definition of an "approximate" rectifier, it is shown that the energy in the 
response must always be less than the energy in the signal. 
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NOTES ON A NEW METHOD FOR THE DETERMI- 
NATION OF THE MAGNETIC FLUX DENSITY AND 
PERMEABILITY* 

By 
August Hund 

(Assistant-Professor in the Department op Physics and Electrical 

Engineering, University op Southern California, Los 

Angeles, California) 

The following is an outline of a new method for determining 
the flux density, i. e., number of lines of magnetic induction per 
unit cross section, up to any desired frequency. The same ar- 
rangement may also be conveniently used for obtaining the mag- 
netic permeability and for investigating the total loss of a coil 
containing a ferro-magnetic core, or the core and copper losses 
separately. 

Principle and Theory of the Method — Explanation of 
THE Arrangement 

The suggested arrangement is shown in Figure 1 and is based 
on the application of a differential system, which has been re- 
cently described by the author.^ One differential branch con- 
tains the test sample which has a definite coeflScient of self- 
induction, Lj., for a particular current at a fixed frequency. The 
test sample is investigated by means of balancing its effect against 
a standard variable self induction, L,, (variometer, air-core 
coils) in series with a non-inductive resistance r. 

The performance of such a differential system is briefly as 
follows: When the currents in the two branches of the system 
are equal in effective value and in phase, their inductive effects 
on the secondary coil of the differential transformer will exactly 
neutralize each other, and no voltage will be induced in the coil. 
This is based on the assumption that the two primary coils, 
Pi and P2, are symmetrically placed with reference to the sec- 
ondary coil, Sf and have exactly the same number of turns which 
are wound in opposite directions. Any kind of alternating cur- 

* Received by the Editor, October 1, 1916. 

A. Hund, "Electrical World," May 22, 1915; reprinted in "London 
Electrician," August 27, 1915. 
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rent detector connected across the terminals of the secondary- 
coil will then give a no-current indication when the currents in 
Pi and P2 are equal and in phase. 

A no-current adjustment is established when the coeflScient 
of self-induction of the variometer is equal to the effective co- 
eflBcient of self induction of the test coil and when the effective 
resistance of the test coil is exactly balanced by the resistance 




MUm«ti«8 Cvrtnt So«rc« O- 
FlGURE 1 



of the variometer and the series resistance r. An absolute dis- 
appearance of the differential field, however, can generally not 
be obtained since the wave form in the one branch is somewhat 
distorted due to the presence of the ferro-magnetic substance. 
In most practical cases, however, the minimum of the differential 
field can be very readily and accurately detected. For very 
precise measurements, it is advantageous to insert a condenser 
in series with the indicator in the secondary circuit of the differ- 
ential transformer and tune this circuit to resonance with the 
required frequency. (This is especially recommended at higher 
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frequencies since a tuning is then readily obtainable.) For fre- 
quencies up to about 2,000 cycles, a Wien vibration galvanometer 
may be used as a current indicator, and the condenser may ac- 
cordingly be dispensed with. 

Derivation of the Expression of the Maximum Flux 

Density 
When the ferro-magnetic core of a coil is exposed to an alter- 
nating flux of maximum value, ^maxy the total change in the 
lines of induction, which go thru the cross sectional area of the 
iron core, during one half wave, is from zero to ^max and back 
to zero, i. e., a total change of 2 4>^x- When / denotes the 
number of cycles per second and T the corresponding, period, 

2 ^ 
the average rate of change is 22f * Hence the average m- 

"2 
duced voltage per each turn of the coil is 

^a, = 4/4>nuxx 10-8 volts (l) 

and the effective value for N turns is equal to 

E^4FfN ^^ 10-« volts (2) 

where F denotes the form factor of the voltage wave, i. e., the 
ratio of effective value to average value. In case the flux trav- 
ersing the core follows a sine law, the instantaneous value of 
it at any time, <, is defined as 

^t^^max sin {2 7: ft) 

The form factor F as determined according to the above defi- 
nition is 



4£'^" 



F=^^ ^_V^ =1.111 



IP 



edt ^-^ 

71 



and equation (2) becomes 

E^i.UfN ^^ 10-8 volts (3) 

When this expression is applied to the arrangement under dis- 
cussion and the maximum flux density, B,„^, is introduced, 
we find the expression for the induced E. M. F. of the test sample 
as 

E==4t.UfNSB^10-^ volts (4) 

in which relation S stands for the cross sectional area of the 
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iron core. Now let the two inductances, L, and L„ be adjusted 
to the same value; i. e., first, adjustment of phase, and the re- 
sistance, r, regulated until the indicator of the differential trans- 
former shows no eflfect whatever, and second, adjustment of 
amplitude. Then we may write* 

4.44/iVSB^10-« = 2r/L,^ (5) 

which leads to 

B -0 707^^--^^^^^'^ I , 108 "'^^s of induction . . 

J^max - U.7075 ^ ^.^^^ ^/(amps.) lU ^^^ ^^^^^^ centimeter ^^^ 

the expression for the maximum flux density in terms of L« as 
read on the variometer; /, as measured by the ammeter in the 
main branch of the differential arrangement ; A^, the number of 
turns of the test sample; and, S, the cross sectional area of the 
iron core. 

Determination of the Resultant Field Intensity Hmax 
AND Magnetic Permeability /a 
One way of exploring the magnetic properties of a ferro- 
magnetic substance by means of this method is to use a circular 
ring on which is uniformly wound a coil of wire of comparatively 
low resistance. Then the maximum magnetizing force, H„axj i^ 
defined by the formula^ 

rj ^i^^/oN /mjamp8) gilbcrts per , x 
rimax - 10 ^ km Centimeter ^' ^ 

where I^ is the magnetizing component of the effective current 
traversing the coil of the sample, N the number of turns in the 
coil, and I the mean length of the magnetic path in centimeters. 
It is to be borne in mind that this equation holds only approxi- 
mately when the diameter of the ring is large as compared with 
the diameter of the cross section. Suppose that in Figure 2 
Lx and r^ denote the effective coefficient of self induction and 
apparent resistance of the sample and that they are exactly 
balanced by L, and (r^+r); that is, the self induction of the 
variometer, the resistance of it, and the additional balance re- 
sistance r. The vector diagram of Figure 3 then shows the 
voltage relations in the test coil and objects used for comparison. 
In this diagram V denotes the effective terminal pressure of the 
test sample and <f> the phase difference between V and the branch 
current 1/2. If the ohmic resistance of the sample, for direct 
current, is denoted by r/ and if Ar/ represents the increase in 

2 This i*^ only approximately true since the resistance adjustment changes 
the phase also to a certain extent. 
2 1 gilbert =0.79.578 ampere-turn. 
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lesistance due to skin effect at the frequency /, and since the 
increase of resistance due to hysteresis and eddy current losses 
is given by the term 

total iron losses 



(!)■ 



the apparent resistance, r,, of the sample is defined by 



-r,+r (8) 

where W^ stands for the total core loss in the ferro-magnetic 
substance. To equate r, to the quantity {r^+r) is correct if 




Figure 2 



we assume that the wire used for the variometer shows no ap- 
preciable skin effect, so that its direct current resistance r' ^r 
is equal to the alternating current resistance r" , Within the 
range of the very high (radio) frequencies such an assumption 
can not be made, even if ideal twisted wires or ribbons are used, 
such as described by the author in a previous publication,* and 
the high frequency resistance of the variometer is to be deter- 
mined by the well known methods if a calibration curve is not 
available. The magnetizing current /^ which is to be intro- 
duced in the equation (7) can be expressed in terms of the effective 

*A. Hund, "Arbeiten aus dem Elektrotech. Institut der Technischen 
Hochschule, Karlsruhe," Volume III. 
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current* thru the test sample, 
system we obtain 



For the balanced differential 



Im^2^n<t> 



(9) 



This equation is based on the assumption that the resistance of 
the windings of the sample is small as compared with the in- 
ductive reactance, a requirement which is easily fulfilled, espe- 




tttj^it 



Figure 3* 

cially at higher frequencies where the wattless components 
usually become very pronounced. The proof of this approxima- 
tion may be readily seen from the following consideration: 

The total iron loss of the test sample produces an increase in 
current and decrease in phase displacement, <^, between im- 
pressed voltage and current imder the conditions of constant 
terminal voltage. That is, the iron acts like a secondary cir- 
cuit which is coupled to the coil of the sample. This fact is 
shown in Figiu-e 4 where ABC denotes the impedance triangle 
for the sample coil without iron, for which 
AB=^2 ^fLj^, the inductive reactance 

BC^tJ' — rj -^-Lrjy the effective ohmic resistance at the fre- 
quency / and 

* Wherever an r with a dash ( — ) over it appears in a figure, it corresponds 
to r' in the text; similarly an r with a cycle mark ( -v ) over it corresponds to 
r" in the text. 
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AC=Z, 

= \/(2;r/Lx)^+rx"S the resistance operator of the coil. 
The impedance triangle goes over into the triangle A^BC' for 
the same terminal voltage when the iron core is added, which 
represents the true conditions of the sample. In this case we 
have 

A'jB = 2;r/(L;B— ALx), the inductive reactance 



BCP=r, = r/'- 



A^^ZJ 



W, 



©' 



; the apparent ohmic resistance 



= ^[2^/(L,-AL,)]V[r/+-^J', 

(2/ 
the resistance operator of the coil^ 



for a 
certain 

current of 
definite 

frequency. 



Figure 4 



The angle A^C^B represents the actual displacement of phase be- 
tween impressed voltage and current traversing the coil. A 
little further analytical reasoning will show that the decrement 
in self inductance due to the presence of the ferro-magnetic sub- 
stance is given by the expression 



AL^ = 



n'+{2 7:fL2y 



(10) 
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and the increment in resistance due to the presence of the ferro- 
magnetic substance by 

W, _ (2r/3/)'r, . . 



© 



in which case we imagine the iron core to be substituted by a 
secondary circuit of self inductance Lt and ohmic resistance 
rj. M denotes then the mutual inductance between the coil 
of the test sample and the fictitious turns of the secondary. 
We know from the theory of alternating currents that the current 
triangle is similar to the impedance triangle; which, when ap- 
plied to our case, means that Figure 4 simultaneously represents 
the current relations. The scale, of course, would have to be 
properly selected. Thus the shaded triangle, the case where a 
ferro-magnetic substance is present, is as follows: 

A^B=- sin <^, the wattless component / 

^ \ current 

BC^ = " cos 4>f the watt component I ., 

. r^y __ I the actual current passing thru the coil of 
~ 2^ the sample and which is determined from 
the ammeter reading in the main branch 
of the differential system. 
The triangle ABC represents the vector diagram for the currents 
when no iron core is present and the hypothenuse denotes the 
magnetizing current 7^ which is utilized in equation (7) for the 
evaluation of the magnetizing force H^nax- 

Returning to equation (10) we learn that AL, is ^^^y ^ 
very small quantity when the term, r^, in the fictitious second- 
ary circuit is large as compared with the term (2;: 1/2)^. This 
is true in our case to a fair degree of approximation when we 
assume that the eddy currents are induced in a well subdivided 
iron core, such as is usually employed in alternating current 
practice at higher frequencies. With this assumption, the point 
A and A' may be thought of as coinciding, which leads to a 
current diagram such as is shown in Figure 5. The base B C' 
represents, to a certain scale the total power input for the test 
sample containing a ferro-magnetic core since C C' denotes the 
input due to hysteresis and eddy current loss, and B C the input 
due to copper loss in the turns of the sample. If the resistance 
of the sample is kept small in comparison with the inductive 
reactance, as indicated in Figure 5, the magnetizing current, 
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7^, is only a little smaller than the wattless component of the 
true and measurable coil current. This means that for a thinly 
laminated iron core and using the so-called ideally twisted wire^ 
in the test coil of rather low resistance and comparatively high 
self inductance, the sine component of the branch current passing 




Figure 5 

thru the sample denotes to a fair degree of approximation the 
magnetizing current 7^. Returning to equation (9) we find 
there the magnetizing force, Hmaz} and the magnetic perme- 
ability, ft, by the following procedure: 



sin <f> = 



2-/L, 



25/L. 

V(r.+r)^+(2;r/L.)^ 
then the magnetizing current becomes 
/ 2r.fL, 



/„ = 



2 V(r.+r>+(2;r/L.)' 



(10) 



and according to equation (7) the maximum magnetizing forc(^ 
is defined as 

^ f ^8 {henr y) ' Ji amps ) 



Hmax = 5.57 



hem) V{r,iohm) + nohm)y + 2 TZ f L, {henry))' centimeter 



— gilberts per / , . v 
\2 centimeter V *>' 



^"Litzcndraht." 
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and the magnetic permeability is given by the relation 

^max 

— 1 27 (<^) (^*(o Am) + ^(oAm))^+ (2 TC jL^i^henry) L -ifil / 1 O N 

N^ • S{cm)*f 

When the wave length, ^,* is introduced, as is often customary 
within the range of radio frequencies, the maximum magnetizing 
force and magnetic permeability may be determined by the 
following relations*: 

Hnuu = 16.71 JL'J^ihenr ulli^f npsl ^ jQg 

gilberts per centimeter (ll«) 

and 

M = 42.33 — ^ ^^^ ^ X 10-^ 

We therefore see that for a standard test ring of given cross 
sectional area, length of magnetic path and number of turns, 
the maximum flux density, Bnaxf the maximum resultant field 
intensity, H,naxf and the permeability, ft, can be calculated from 
observed data by means of the three following formulae : 

Bmax = *i L, (henry) I (amp*) Hncs of induction per 

square centimeter (l3) 

Hnuxx = tc2— ^-^'^y^^^-^^p^y gilberts per centimeter ( 14) 

ia = fc,^^ (15) 

where z is equivalent to the resistance operator of the test sample 
and the constants ki, Art, and fca of a definite dimensioned sample 
are given by the relations : 

0.7075X10" \ 



fc, = " 



-V.5(, 



:«n)2 



A-2 = 5.57r^ ) (16) 

Hem) 

/:3 = 1.27-.^^^^-^-107 

•In above formulas, both meters and centimeters are purposely em- 
ployed, since the wave meters are usually calibrated in meters and the length 
of the magnetic path is generally measured in centimeters. To express also 
the self induction in the C. Ci. S. system was not done since most of the com- 
mercial variometers are calibrated in practical units. 
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A few concluding remarks on the true magnetizing current, 
/^, such as utilized for the calculation of the magnetizing force, 
are given here, before the determination of the core losses is 
discussed. Such considerations may not be entirely new, altho 
it seems worth while to add a more detailed analysis in direct 
application to the differential system, and to derive other ex- 
pressions with which to calculate the magnetizing force and the 
permeability. 

One should first clearly distinguish between exciting current 
and magnetizing current, since in ordinary engineering discus- 
sions both expressions are often used interchangeably to denote 
the same quantity, namely, the no-load current of the trans- 
former and the feeding current of a choke coil, respectively. 
Exciting current of the test sample is the total flow of electricity 
that passes thru the coil. It is denoted by //2 for the balanced 
differential system, and is obtained from the ammeter reading of 
the main branch of the arrangement. This current includes 
that consumed as Joulean heat losses in the windings of the 
sample, and also for supplying the losses due to hysteresis and 
eddy currents. The exciting current may therefore be split up 
into an energy component, determined by the total loss which 
is in the vectorial direction of the terminal pressure, F, and 
into the magnetizing component, /^, which is in the vectorial 
direction of the magnetic induction, B, i. e., wattless. Now, 
if the flux density of the ferro-magnetic medium is within the 
range of the straight part of the magnetization curve, the mag- 
netizing current, /^, will vary according to a sine law when the 
flux is sinusoidal. But in case of higher saturations for which 
the flux density rises bej^ond the straight part of the saturation 
curve (for instance, beyond the knee), the magnetizing current 
becomes distorted. Consequently, the exciting current which 
a sinusoidal impressed E. M. F. will establish in the turns of our 
test sample no longer varies according to a sine law. This can 
be seen from Figure 6 where the instantaneous current values, 
i/2, of the test coil, such as have been obtained from the hy- 
steresis loop, are plotted against the time. It is to be noted that 
the ohmic drop in the winding is considered as being small enough 
to be neglected in this representation, so that it is possible to as- 
sume that the induced E. M. F. is at all times equal and opposite 
to the impressed terminal voltage, V, of the sample. The figure 
clearly shows that the exciting current, i/2, required to produce 
a sinusoidal flux density wave is unsymmetrical with respect to 
its maximum ordinate. The maximum flux densitv occurs at 
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the same time that the exciting current reaches its maximum; 
that is to say, this current is 90 time-degrees ahead of the induced 
E. M. F. and generally about 90 time-degrees behind the im- 
pressed voltage, whereas the intersection with the zero line in- 
dicates a considerable lead with respect to the zero value of the 
flux density. The wave of the exciting current of commercial 
frequency up to the highest frequencies, such as employed in 
radio telegraphy and telephony, is usually distorted by the pres- 
ence of higher harmonics of a very pronounced triple harmonic. 
As is indicated above, the distortion is chiefly due to the magnetiz- 
ing current, /^, and is caused on account of the curved part of 
the B'H curve. With transformers, this distortion is greatly 
diminished by the load current which, when large enough, makes 
insignificant the well defined distorting component of the exciting 
current. In our case, however, where a closed magnetic circuit 
is often employed, the distortion is very pronounced and an anal- 
ysis of the exciting circuit is accordingly of interest. One way 
of studying the distorted exciting current is to split it up into 
those components which are in phase with the induced E. M. F. 
(and are often called the hysteresis and power components), 
and one component 90 time-degrees behind it (that is, in phase 
with the magnetic induction, B, and representing the magnetiz- 
ing current). Such a resolution of the exciting current is shown 
in Figure 7, which represents a typical case. It is readily seen 
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Figure 7 



that the distortion of the exciting current, such as is obtained 
from the hysteresis loop, is chiefly influenced by the magnetizing 
component as a consequence of the non-proportionality of the 
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B-H relation, whereas the hysteresis current wave is a good ap- 
proximation a sine curve. (The reader who would like to pursue 
this subject in more detail will find a very interesting treatment 
in Dr. Steinmetz's "Alternating Current Phenomena.") In 
Figure 6, the exciting current is, however, resolved into a first 
harmonic component of the same power and effective value as 
that of the exciting current curve and into a component contain- 
ing the higher harmonics. The latter component, which is com- 
posed of the higher harmonics, is wattless with respect to the 
sinusoidal applied voltage of fundamental frequency and con- 
sequently the effective watt component, 1'^/% of the equivalent 
sine wave, iV2, denotes the total power component of the exciting 
current and is equivalent to /^, the hysteresis current. The 
magnetizing current, I^^ is then constituted of the wattless com- 
ponent, /'wl/2, of the equivalent sine wave, i V2, and the effective 
value V 12 of the curve, t'V^, containing the higher harmonics, 
chiefly of triple frequency. This is made plainer by the vector 
diagram of Figure 8, which shows the construction of the effective 
value, 7/2, of the exciting current, 1/2; which, by assumption, 
is also equal to the effective value of the equivalent sine curve. 
The vector, 7/2, makes the angle, ^, with the true magnetizing 
current. The same is called the angle of hysteretic phase ad- 
vance, and denotes the angle by which the first harmonic of the 
exciting current leads the sinusoidal wave of the flux density, 
B. The effective value of the measurable coil current of the test 
sample is therefore given by the relation 



and the effective value of the true magnetizing ciu^rent entering 
the equation (7) becomes 

which, translated into technical language, states that the power 
component demagnetizes the iron core. This can be made plainer 
by drawing the hysteresis component, — 7^, equal and opposite 
to, 7ft. Then the vectors, — 7ftand 7/ 2, constitute the magnetizing 
current, 7,„. The diagram shows furthermore that for zero 
hysteresis effect, the magnetizing current would be identical with 
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the exciting current, 7/2, altho the wave would be still unsym- 
metrical due to the varying permeability, ft. 

The power, TF^, dissipated because of the hysteresis can be 
determined by this method, as is shown in a later paragraph. 
The effective current 7/2 is obtained from the ammeter reading 
of the balanced arrangement and the applied terminal voltage, 
y, is found from the relation: 



F = |^r/+(2;r/L,)* 



= |^['-+-r.]'+[2^/i.]' (19) 

The magnetizing current is then determined according to the 
procedure 

Wh=^V '{cos (90-d) 

=y . ^ (20) 

introduced in equation (18) 

This equation, however, is based on the assumption that the 
ohmic drop in the test sample is negligibly small and the losses 
due to eddy currents are accordingly ignored. The first as- 
sumption may be readily satisfied by employing so-called '^ideaP'- 
twisted wire of low resistance, while the effect due to eddy cur- 
rents has to be taken into account, especially when taking readings 
within the range of radio frequencies. It is known that the eddy 
currents, like magnetic hysteresis, cause the phase of the current 
to advance; the angle of which phase advance can be calculated 
from its sine, which is defined by the ratio of the absolute admit- 
tance of the circuit to the eddy current conductance. For well 
laminated iron cores, the distortion of the current wave may 
be kept very small, as can be demonstrated by investigating 
the hysteresis loops of different laminated samples by means 
of a Br^un tube. The distortion of the hysteresis loop, due to 
eddy currents, is caused because they act like secondary circuits 
and consequently their magnetic fields counteract the main field 
of the coil. For this reason, in the case of a fixed magnetizing 
force, the total flux density is smaller when eddy currents are 
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present than without it. Hysteresis loops such as were found 
in the splendid researches of Prof. Max Wien' and others show 
this effect very plainly. Furthermore, the loops show rounded 
corners and are more inclined to the axis of the magnetizing force 
at higher frequencies, altho the area of the loop seems to change 
but little as the frequency increases. Another important in- 



y ftpplica vtitaat) 




9 (Mmtfe 
inaoc 



tlOMl 



Figure 8 

fluence of the eddy currents on the hysteresis loss, which is es- 
pecially pronounced at higher frequencies, is that the lines of 
magnetic induction are not uniformly distributed over the cross 
section of the iron core. 

Nevertheless, the measurements described in the above para- 
graph are not any more diflScult when the effect of the eddy cur- 
rents is taken into account; for the flux density wave (and along 
with it the eddy currents) also follow a sine law with a sinusoidal 
terminal voltage. The eddy currents simply increase the watt 

'M. Wien, '*Ann. der Physik," 1898. 
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and wattless components of the equivalent sine wave of the 
exciting current on account of the larger exciting current. This 
means that the general formula of equation (21) is given by 
the expression 



-M'-M <"' 



and, according to a derivation given in a later paragraph, the 
true magnetizing current may be found from 




(0 



2 



|^r,^+(2;./Lj»_ 



or 



which leads to the express ions 

L {Ar,^oHm)y 

"^ ' kcm) 

gilberts per centimeter (24) 

and 

/X=0.798 hcm^L^i^enr y^lO^ __ 



^^ ^icm)2 L ^ {^rc(ohm)y (25) 

^ {r(ohms) + r8 (oAm))^+ (2 TzfLs (hmry))^ 

We therefore see that for a standard test ring of given cross 
sectional area, length of magnetic path and number of turns, 
the maximum resultant field intensity, H^naxj ^^d the magnetic 
permeability, ft, can be calculated from observed data by means 
of the following formulas : 

w -h T ./i {^rciohrn)Y gilberts per , s 

fl^ = fc4/(a.p.) VI- ^--;-^/; centimeter ^^^^ 

^J^d j^ I^ihenryX 

'jWA^i^ (27) 

where z represents again the resistance operator of the test sample 
and constants A;* and fcs are given by the expressions 

and A:4 = 0.8875^ 

kan) y (28) 

fce = 0.798 X 108 -^f*^- 

A - 0(cm)2 
59 
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Determination of Iron Losses 

If the magnetic field of a coil is replaced by a ferro-magnetic 
field, the number of lines of induction is increased, which in turn 
necessitates an increase in the coefficient of self induction of the 
coil. Since the flux does not increase as the current traversing 
the coil on an iron core, the coefficient of self finduction is not 
a constant for a certain frequency, but is a function of the current. 
Because the iron core is a consumer of energy, the ohmic resis- 
tance of the coil will apparently increase (equation (8)). This 
means that the quantity, r,, also depends on the current. The 
differential arrangement therefore is a ready means to determine 
the iron losses. The procedure is simply this: 

Measure the resistance, rj ^ of the test sample without iron 
by means of direct current. Adjust the resistance of the vari- 
ometer combination to the same value by regulating the series 
resistance, r. Then apply the desired high frequency current of 
a definite frequency, /, to the differential system and increase 
r in the variometer branch by the quantity, ^Tf\ that is, until 
an amplitude adjustment is attained. It is also advisable si- 
multaneously to balance the phases of the two differential branches 
by making, L,=Lx^ since then the amplitude balance is more 
easily obtainable under such conditions. The additional resis- 
tance, Af/, then represents the increase of the ohmic resistance 

due to skin effect, which produces the additional loss, ArJ -) , 

Now insert the iron core in the coil, adjust the phase by again 
varying the standard self inductance (that is, until, L^=L,^,), 
where L^^ denotes the effective coefficient of self induction of 
the test coil in the presence of iron for a certain wave length 
and a definite current value. Then add the resistance, A r^, until 
a complete balance is reached. The quantity, Ar^, stands 
then for the increase of resistance due to core loss for a certain 
current and wave length, which leads to the following relations: 



-i 



= r/fB;;«ulO-'+f/'d'»BL,10-" (29) 

where ^^\^ W'e, W^ denote: the total core loss, eddy current 
loss, hysteresis loss in watts, ^ the hysteresis coefficient, f the 
eddy current coefficient, v the volume of the iron in cm.^ 
B^nax the maximum number of lines of induction per cm.,* 
d the thickness of the iron laminations in cm. The ex- 



60 



Digitized by 



Google 



ponents a and fi can be determined by observations at dif- 
ferent flux densities. The separation of the hysteresis and the 
eddy current losses may be carried on in the usual way, when 
observations are taken for the same flux density at two different 
frequencies, f\ and /2, using the following expressions 



^/^' =/, vBl^ lO-'+f /i d^ r^Lx 10- 



14 



and 



W^ 



= Ki fimai + Kt /i B,m:i 

•■ =^ vBT^ lO-'+f /« (P vBi„ 10-" 



(30) 



= Ki BDiai + Ki ft B^i 

=A+fiD 

where, A, denotes the hysteresis loss in watts per cycle and, 
/ • D, the eddy current loss in watts per cj'cle. Hence 
W,,-ft W^-fx 



and 



U-fi 
= 0.333.. ^'' ■ ''-'- ^* '" ■ '^' X10-* 



(31) 



«o.iii.'.^-^'^^'-^*'-^'^-^\io-- 

/2 — /I 

where the wave length, /, is again expressed in meters and W^ 
and Wc2 in watts. 

Practical Hints On a Proper Differential Arrange- 
ment — A Discussion of Disturbances and Means 
OF Overcoming Them 

As can be seen from the introduction, the similarity and 
symmetrical arrangement of the two differential coils are a most 
important feature for the proper design of the transformer, be- 
cause dissymmetry of the windings affects the inductance and 
resistance as well as the capacity phenomena of the primary 
coils with respect to the secondary. When these factors are 
not absolutely the same for each primary coil the phase of the 
radio frequency currents will be shifted unequally. All these 
conditions are complied with by the application of the so-called 
* 'ideals-twisted wires. Approximately six turns in each primary 
coil with a diameter of about six inches (15 cm.) are recommended, 
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in order to avert any unnecessarily large transformer losses. 
The same number of turns may be conveniently used for the 
secondary coil of the air transformer alt ho it is advisable to com- 
pute the number required for a particular zero current indicator. 
Other disturbances present themselves because of the effect 
of the magnetic fields of the test sample and variometer in the 
secondary circuit of the transformer, and sometimes it is entirely 
impossible to cause the effects of the differential field to disappear 
completely. These influences are, however, overcome by arrang- 
ing the test and comparison apparatus in such a way as to make 
their induction upon the transformer and secondary circuit a 
minimum. By choosing long leads on the one side (connecting to 
the transformer) the above-mentioned disturbances are prac- 
tically eliminated. 

Furthermore, it should l)e noted that inductive and capacity 
€*ffects of the different parts of the arrangement with res|x^ct to 
each other are very pronounced within the range of radio fre- 
quency currents such as employed in radio telegraphy and tele- 
phony. Numerous investigations have shown tliat an accurate 
equalization of the differential system is practically impossible 
without extreme precautions. For this reason a double cable 
(bifilar) enclosed in a grounded brass tube was used for all leads 
such as the mains which connect the apparatus to the radio fre- 
quency source and the leads connecting the zero current indicator 
with the differential transformer. One joint of the differential 
arrangement is also grounded (Figure 1) in order to cut down 
unnecessary leakage currents. 

Further, it is interesting to study the case in which the resis- 
tance used for compensating the loss of the coil shows appreciable 
self induction and capacity effects. Consider the differential 
arrangement of Figure 9 as follows: The inserted series resis- 
tances, Vi and r2, each had a certain amount of self induction, 

ue of capacity, AC'i and 
the variometer and these 
ondition 
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(34) 
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which shows that the difference of self induction, ALi— AL2, 
has to be small in comparison with the effective self induction 
of the test sample. This condition is practically satisfied by 
the use of short length of manganin or constantin wire for the 
resistances n and r2. It is seen from equation (33) that the meas- 
urement of the difference of the resistance of test sample and vari- 
ometer is not affected by any inductive or capacity effects of the 
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inserted balancing resistances, n and r^. This is an essential 
advantage of the differential method in comparison with the 
usually applied bridge arrangements, for the same inductive 
and capacity influences of the resistance introduce considerable 
errors at higher frequencies unless the bifilar bridge of Giebe 
is applied. The latter requires, however, an exact knowledge 
of the capacity and inductance of the leads, and is hardly available 
for measurements such as are met with in radio telegraphy. 
The influence of inductive effects of the resistances upon the loss 
adjustment, in case a bridge arrangement were used, may be 
seen fron Figure 10 and the following deductions. We then 
have as a general condition of balance 



r^+j (oLj. ^ r2+jo)A_L2 
rs+j<oU ri+j o)AL, 
and separating the real and imaginary parts, 

rr n -r, • r2 = ^«2 [L^ A Li -L« A L2] 
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or 



L,AL,-L,AL2l. 
nr, J 

L, _ r2 _ I ^^1 — ^« ALo] 
!/• ri [ L,ri J 

Equation 38 shows clearly that the resistance adjustment is 
considerably affected at higher frequencies when inductive effects 



-=;:'+ (2 ./)4^ 

r, Ti I 

ir ^ Tj _ [rj_i 

L. n L 



(37) 
(38) 

(39) 




FlGURE 10 



of ri and rj present themselves. Moreover, the bridge method 
is not advantageous since four branches act inductively on 
each other. Furthermore, three terms are to be varied for 
balance instead of only two and the protection of the detector 
circuit would cause grave difficulties. 

The ordinary thermo-couple arrangement and barreter system 
are convenient expedients as zero current detectors, altho for 
very delicate readings the thermo-cross bridge is to be recom- 
mended. 

Before concluding, it might be of interest to investigate 
somewhat the effects of the disturbing capacity with respect 
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to the body of the observer and the like. For this purpose 
imagine that the test sample be balanced against the comparison 
standard. The zero current indicator will, however, only indi- 
cate a definite minimum at very high frequencies, even if 
resonance is established in the detector circuit by means 
of a condenser. Assume, further, that all the alx)ve pre- 
cautions aie employed and that the leads of the zero cur- 
rent detector are well protected against disturbances such 
as mentioned above. Yet the zero current detector will indi- 
cate a certain flux interlinked with the secondary circuit of the 
differential transformer. The cause of the disturbance can only 
\)e based upon capacity influences, which can be proved experi- 
mentally. For instance, when the observer touched different 
parts of the differential arrangement the telephone receiver (for 
this class of investigations, an oscillatory detector arrangement 
was employed as zero-current indicator) gave different sounds 
at the minimum. By putting the hand on one of the secondary 
terminals of the tranformer, the minimum was better. This 
phenomenon is due to charges and discharges causing a leakage 
current, flowing from the primary to the secondary turns of 
the differential transformer and such a stray current flowing 
from the turns of the telephone receiver thru the metal case and 
the hand of the observer to the ground. The primary coil, 
the secondary coil and the turns of the telephone receiver are 
regarded each as one pole of a condenser. This assumption can 
be made, as there will be not a strict mathematical treatment 
of this case; but this assumption is simply used for the proper 
interpretation of the cause of the above phenomena. Suppose, 
F3, is the potential of the primary turns, F2, that of the secondary 
coil, Viy the potential of the turns of the telephone receiver, and 
the body of the observer has the potential V<>. Assuming further 
that C32 is the capacity of the condenser formed by the primary 
and secondary coil of the differential transformer, and Cio the 
capacity of the condenser formed by the turns of the telephone 
receiver and the body of the observer. Then, from the primary 
to the secondary turns of the transformer a charging current, 
[Fj— F2] ri>C32, flows, of which a certain part, [Fi — Fo] ^«>^io* 
flows thru the hand to ground. Suppose we touch one of the 
secondary terminals of the transformer, that is, that the same 
is brought to the potential F^. Consequently the second stray 
current disappears and the first one becomes, (Fs — Fo)roC32. 
It might be believed, that the increase, { [F3 — F^] — [Fs — Fo] } (oCza 
would affect the telephone receiver more and would not dim- 
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inish the sound. But if we bear in mind, that the body and 
therefore the potential Vo) is connected with one of the secondary 
terminals of the transformer, it is understood that practically 
most of the stray current will be led thru the observer to the 
ground. It would be a wrong expedient against these disturb- 
ances to ground one of the secondary terminals, as that would 
only diminish the sensitiveness of the arrangement. Instead 
the writer used a tube of glass for handling the slide resistance 
and a cord for turning the coils of the standard variometer. 
By this means the current, (Fj — Fo)«> Cjo could be made exceed- 
ingly small. (It is to be noted that for very precise measure- 
ments the telephone receiver is to be replaced bj^ a galvanometer.) 
The first capacity current flowing from the primary to the second- 
ary turns affected the telephone receiver much more. In order 
to overcome this disturbance the writer put a copper cylinder 
around the secondary turns. The cylinder consisted of enamelled 
copper wire. Along a longitudinal line the insulation was re- 
moved and all turns of the cylinder connected to ground. On 
an opposite longitudinal line, the protecting cylinder was cut 
in order that the damping action of the transformer might not 
be increased too much. 

SUMMARY: The method described gives a ready means for determining 
the magnetizing force, the corresponding flux density, and permeability at 
any wave length whatever. In taking a series of readings for different ampere- 
turns and at a definite wave length, we may obtain 

(a) the magnetization curve, 

(b) the permeability-ampere-tums curve. 

Since the suggested arrangement applies to any practically available wave 
length we have a convenient means to compare the Bmax- values for very long 
wave lengths with the corresponding values determined at higher frequencies, 
and thus obtain a dear insight into the skin action of an iron core. 

In a similar way the permeability-wave length curve may be found for a 
definite number of ampere turns. The method simultaneously determines 
either the total losses of the test sample or the losses due to direct current resis- 
tance, skin effect of the conductor, hysteresis and eddy currents in the iron 
core separately, and there can be obtained the 

ia) watts/unit volume-wave length curve for a certain number of ampere 
turns, 

(b) watts/imit volume-flux density curve at a constant wave length, and 

(c) watts/unit volume-thickness of laminations curve for a constant wave 

leng^ and a constant number of ampere turns; which enables the inves- 
tigator to ascertain all the conditions which are necessary for determin- 
ing the desired properties of any radio frequency apparatus containing 
a ferro-magnetic medium. 
Moreover, by means of equations (14) and (15) one is able to experiment- 
ally investigate the dependence of the magnetizing force and permeability* 
on the frequency. 
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LIST OF SYMBOLS USED 

Hysteresis exponent. 

Eddy current exponent. 

Maximum magnetic flux density, number of 
lines of magnetic induction per square centi- 
meter. 

Capacities in farads. 

Thickness of iron lamination in centimeters. 

Hysteretic angle of advance. 

Effective induced E. M. F. of X turns of the test 
sample. 

Average induced voltage of a single turn. 

Hysteresis constant. 

Form factor. 

Frequency. 

Maximum flux traversing the test coil. 

Flux traversing the test coil at any time t. 

Displacement of phase between terminal voltage 
and current of the test sample. 

Maximum resultant field intensity in gilberts per 
centimeter. 

Current flowing to the differential system. 

Effective current value of the component of the 
exciting current of the test sample containing 
the higher harmonics. 

Effective value of hysteresis current. 

Effective value of magnetizing component of ex- 
citing current. 

Effective value of the energy component of the 
equivalent sine wave of the exciting current. 

Wattless component of the equivalent sine wave. 

Instantaneous value of the exciting current. 

Instantaneous value of the equivalent sine wave. 

Instantaneous value of the component of the ex- 
citing current containing all higher harmonics. 

The imaginary unit. 

Constants. 
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y scj y XC1 ^y I Coefficients of self induction in henrys. 
ALu ALs, AL^ J 

/ Length of magnetic path in centimeters. 
/ Wave length in meters. 
fi Magnetic permeability. 
N Number of turns of the test sample, 
r Series resistance in ohms. 
r/ Direct current resistance of test sample, 
fjp" Alternating current resistance of test 
sample. 
r^ Resistance of test sample under any con- 
dition. 
Atc Increase of the resistance of the test 

sample caused by core loss. 
A Vf Increase of the resistance at the frequency' 
/ caused by skin effect. 
S Cross sectional area of iron core in square 

centimeters. 
T Period of radio frequency current. 
V.Vi, ^2, Vz Terminal voltages. 

r Volume of iron core in cubic centimeters. 
Wc Total core loss in watts. 
Wci Total core loss in watts at a frequency /i. 
W'^ Total core loss in watts at a frequency /2. 
We Core loss due to eddy currents. 
Wh Core loss due to hysteresis. 
o) Angular velocity of radio frequency current, 
f Ikldy current constant. 
z Resistance operator of variometer-resistance 

combination. 
Zj. Resistance operator of test sample when no 

iron is present. 
z/ Resistance operator of test sample when 
iron is present. 
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ON THE NATURE AND ELIMINATION OF STRAYS* 

An Investigation Under the Auspices op the Dutch 
EIast Indian Department of Telegraphs 

By 

CoRNELis J. De Groot, Sc.D., E.E., M.E. 

(Engineer of the Department of Telegraphs. Dutch East Indies) 

Part 1. Radio vs. Cable Communication in the Tropics 

One of the most troublesome phenomena met with in connec- 
tion with long distance radio communication, where the signals 
are usually faint and of variable intensity, is atmospheric dis- 
turbances or strays. These interfere seriously with radio 
communication during the summer in temperate climates. 
Their magnitude increases to an overwhelming extent in the 
tropics, especially during those seasons when the sun attains its 
maximum altitude. 

In the tropics, and at such times of the year, it is a task of the 
utmost difficulty for a radio engineer to establish and maintain 
communication. Particularly unfavorable under these condi- 
tions is the comparison between the cost of upkeep and operating 
reliability for radio communication and submarine cable com- 
munication. 

The difficult undertaking of establishing radio communica- 
tion on a regular basis in a tropical climate was voluntarily 
accepted by the Department of Telegraphs of the Dutch East 
Indies. Tho it cannot yet be said that a completely successful 
solution has been obtained of the problem of substituting the 
proposed radio service for submarine cable communication the 
incidental investigations have been of much interest. Systematic 
researches have been carried on which have resulted in the 
accumulation of a great quantity of valuable material dealing 
with such radio phenomena as the propagation of electromagnetic 
waves and the origin, propagation, nature, and elimination of 
strays. 

It is this last information concerning strays which will con- 
stitute the main subject of this paper. 

♦Received bv the Editor, October 15. 1916. Presented before The In- 
stitute of Radio Engineers, New York, December 6, 1917. 
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It may be a matter of astonishment that so unfavorable a 
region as the tropics was chosen in attempting to substitute radio 
communication for submarine cdbles; particularly when one 
considers that under much more favorable conditions as to strays, 
and cost of up-keep, the problem has not yet been successfully 
solved. It must be admitted, however, that special circum- 
stances dictated the choice of radio service, assuming the feasi- 
bility of such communication. 

These circumstances are the following: 

(a) The East Indian Archipelago consists of a great number 
of islands separated by straits and seas, of enormous depth, 
12,000 feet (3,700 meters) being quite common. In this region, 
earthquakes and similar disturbances of the sea bottom are 
frequent, and the coast line rises steeply. 

Such conditions are not favorable for submarine cable work. 
Repairs are very difficult and sometimes impossible at such 
great depths, and in every case a first class cable repair steamer, 
with extraordinarily heavy hoisting apparatus, would be neces- 
sary. Especially is this the case in the much deeper waters of 
the eastern part of the archipelago. The existing cable steamer 
does not meet the above requirements; and since the com- 
munication was most urgently required, and since the establish- 
ing of communication in the eastern part of the Indies would 
have involved the purchasing of a second and larger cable 
steamer, an extension of the cable system was regarded as 
undesirable. The great extent of the archipelago, this being 
nearly 3,000 miles (5,000 km.) in length, would have necessitated 
keeping two cable steamers, at least, in commission at all times. 
The great frequency of earthquakes and sea disturbances of 
similar character would have resulted in frequent, and possibly 
simultaneous, breakdowns of the cable service with the result 
that the widely separated parts of the archipelago might have 
been out of communication for very long periods of time. 

(b) As an additional advantage, radio stations afford the 
possibility of maintaining communication with ships at sea. 
Tho the traffic is not sufficiently extensive to justify the erection 
of radio stations for this purpose exclusively, especially as 
violent storms and fogs at sea are unknown in this part of the 
world, it still remains an additional advantage of the radio chain 
as compared to submarine cables. It is clear that navigation is 
facilitated by free communication to ships. 

The advantages of a radio chain as regards ship communica- 
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tion are obvious from a naval standpoint, and were most readily 
realized at the beginning of the present war. It would have 
been almost impossible for the small squadron of Dutch men-of- 
war to maintain neutrality as perfectly as it did, had all points 
now connected by radio been dependent entirely upon sub- 
marine cable service. 

(c) Another reason for embarking in the enterprise of estab- 
ishing reliable radio service in this tropical region was the 
apparent slightness of the risk, at least at the inception of the 
undertaking. The well-known Telefunken Company of Berlin 
entered into a contract with the Dutch Government to erect 
the chain of stations at a very moderate price and with full 
guarantee of continuous correspondence at the stated speed of 
twenty-four words per minute during all twenty-four hours of 
the day and every day of the year. The only exception to thi s 
guarantee was during such times as strays would have reached 
an intensity which would have become a menace to the ap- 
paratus and operators or such times as those during which an 
ordinary overhead telegraph land line would have been equally 
crippled. It appeared, however, after some years of systematic 
tests, that the conditions guaranteed in the above contract 
could not possibly be fulfilled and that even under much less 
strict requirements, a radiated energy of some six to eight times 
as large as that actually furnished was necessary to maintain 
anything like trustworthy communication during unfavorable 
parts of the year. By trustworthy communication is meant 
service comparable to that obtained with normal hand sending 
on submarine cables. 

The Telefunken Company is only partially to be blamed for 
the poor results obtained since, at the time of the original con- 
tract, no one had the slightest idea as to the difficulties which 
were encountered in the tropics. My opinion in this direction 
is confirmed by the equally poor results obtained by other radio 
contractors in India at about the same time. 

As a matter of fact, during the three most favorable months 
of the year,' which corresponds roughly or most nearly with 
European conditions, the communication was entirely in ac- 
cordance with the agreement. 

At the time the contract was drawn up, the cost of erection, 
maintenance, and repair of submarine cables, was well known by 
long years of experience. The cost of erecting radio stations of 
the proposed magnitude could also be approximated closely. 
In consequence, the comparison between radio communication 
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and the cables seemed a reasonably favorable one, and competi- 
tion between them not impossible. 

Altho the apparent risk was not great, it must be appreciated 
that this enterprise indicated much energy and a broad-minded 
attitude on the part of the Dutch Colonial Telegraph Service. 
In facing this pioneer work, the Service undertook the first 
systematic investigation in connection with radio in the tropics. 
Tho success was not reached in every direction, much valuable 
material was obtained on the basis of which completely successful 
radio communication could be based in the future. In addition, 
from a scientific point of view, fascinating phenomena were 
encountered; thus casting much light over the laws governing 
the propagation of electrpmagnetic waves as well as on the 
nature and elimination of strays. 

All of these advantages more than compensated for the 
disappointment incidental to the insufficient communication 
between the stations as erected; and, as a matter of fact, the 
stations have more than paid for themselves by the strategic 
value they have been shown to possess during the present war. 

On the other hand, the necessity of enlarging these stations 
so as to radiate six to eight times their present energy was 
entirely unfavorable to the financial comparison instituted 
between radio and submarine communication and in a direction 
prejudicial to the radio service. The original apparent equality 
of first cost was dependent upon a curious circumstance. Nor- 
mally, the radio service would have been obviously much the 
less expensive but a strict clause in the original contract required 
the Government to erect the stations on expensive reservations 
at great cUstances from existing towns, with accompanying high 
rates of transportation for materials, the building of new roads, 
special accommodations and houses for the staff, and huge 
initial expense in connection with the purchase and destruction 
of trees and vegetation on the sites of the stations. It is there- 
fore not astonishing that the original calculations comparing, 
^«^;^ 3^nd cable communication, showed substantially equality, 
lat the choice between the two was solely one of con- 
ce. 

rsonally, I am convinced that with more up-to-date radio 
itus and with freedom in choosing suitable sites, inde- 
itly of the contractor's wishes, radio communication will 
; be preferable to submarine cable communication under 
\ definite conditions. Such conditions are the following: 
lerever the traffic is of such nature as to permit an inter- 
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ruption of communication at the most of two hours per day 
(in consequence of thunder storms and entirely excessive strays) 
the radio service will be preferable. 

For distances of more than 600 miles (1,000 km.) the cost 
of radio communication may, even in the tropics, be easily made 
less than that of cable service. In addition, the reliability and 
speed, as expressed in terms of words handled per day, may be 
made superior to that of normal cable service. Furthermore, radio 
telegraphy has the advantage of communication with ships. 

Investigations which were carried on showed that the require- 
ments of the contractors as to station sites were not necessary, 
and that the stations might easily have been erected in much 
more convenient and inexpensive locations. Needless to say, 
this knowledge is of great future use. 

Radio service has great military and political possibilities. 
It has the great advantage that repairs are always local in nature. 
Spare parts, or even duplicate sets, could be kept in every 
station and skilled engineers or operators provided. Under 
these conditions, communication could hardly be interfered with 
by any ordinary disturbances, being subject only to extremely 
severe earthquakes, which are indeed a source of interruption 
to any type of communication. 

In this regard, particularly, radio service compares very 
favorably with the submarine cables for in the latter case the 
breakdowns may cause a cessation of communication for several 
weeks. 

Part 2. Operating Conditions in the Tropics 

Tho the results of the comparison between the two com- 
peting systems of communication are interesting, the systematic 
research work concerning the propagation of the radiated energy 
and the nature of strays are more absorbing to the scientific 
worker. 

Of this research work, only that portion directly concerned 
with strays will be summarized in this paper. 

As an introduction to the conditions under which observa- 
tions were carried out, a short description of the stations and their 
geographical location as well as some photographs thereof, are 
given. In Figure 1 is shown a map of the East Indian Archipelago 
on which are indicated clearly the stations under consideration. 
These are: 

Landangan, 7° 40' south, 114° east, and situated in the 
eastern part of the main island. From this island as a center, 
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India is governed and the two other stations are merely second- 
ary governmental centers, so that the main object of this com- 
munication is in governmental service. 

Oiba, 10° 15' south, 123° 30' east, and near Timor, one of the 
secondary centers of government. 

Noesanivi, 3° 50' south, 128° 10' east, and situated on the 
island of Ambon, also a secondary center of government. 

The contractor had agreed to furnish continuous communica- 
tion between Landangan and Oiba, 680 miles (1,090 km.), and 
from Oiba to Noesanive, 555 miles (890 km.). The tests, how- 
ever, were extended so as to include the unguaranteed direct 
communication between Landangan and Noesanive, 1,010 miles 
(or 1,620 km.). 

All three stations were of the same design and output and 
differed only slightly to conform to local conditions. 

As the design is the well-known commercial Telefunken 
musical, quenched spark set, no detailed description will be 
given here. It is sufficient to note that all the stations were of 
the so-called 5 T.K. standard type, (this being 5 K.W. in the 
antenna). The prime mover was a 28 H.P. Deutz gasoline 
engine, starting on compressed air, and with belt drive to a 
10 K.W., 500 cycle generator and exciter. The generator fed 
the closed core 220-to-12,500 volt transformer, which charged a 
group of Leyden jars. These discharged approximately 1,000 
times per second thru an air-cooled, Wien, silver surface, spark 
gap, composed of 14 gaps connected in series. Since the gener- 
ator system is worked near resonance, a high pitched note is 
produced in the receiving set. 

The antenna and closed circuits were coupled closely and 
directly, and any one of four pre-determined waves could be 
readily radiated. These were a 600 meter wave for ship-to- 
shore work, and 1,200, 1,600, and 2,300 meter waves for long 
distance work. The 1,600 meter wave turned out to be the 
most desirable for direct communication between the three 
main stations, especially during the day time. At night, the 
600 meter wave, which was not desirable during the day, was 
approximately as good as the 1,600 meter wave. At night, 
the 1,200 meter wave was slightly better than either the 600 
or 1,600 meter waves. From the point of view of simplicity, 
the 1,600 meter wave was practically always used, with the 
exception of special tests intended to determine the relation 
between the working conditions when using different wave 
lengths. These latter tests showed, however, that the 1,200 
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meter wave length which was most efficiently radiated, was 
superior during the night time, whereas in the day, the com- 
bined effect of the better radiation at short waves and the 
better propagation of the longer waves, resulted in a most 
efficient wave length which changed with distance as well as 
with the hour of the day. On the average, this optimum wave 
length was about 1,600 meters for the 890 kilometer (530 mile) 
distance of transmission, and from 1,800 to 1,900 meters for the 
1,090 kilometer (650 mile) connection. 

The contractor, who was authorized to pick out the wave 
length at which the tests were to take place, decided after 
preliminary tests with wave lengths up to 3,500 meters, that the 
1,600 meter wave should be the working wave thruout the 
day and night. 

The 600 meter wave was radiated by a fan shaped, six-wire 
antenna in connection with an earth of radially spreading 
galvanized iron wires. The longer waves were radiated from a 
four wire umbrella, or rather (''X") shaped, antenna in connec- 
tion with a counterpoise ground made of twelve wires of coppef- 
plated steel. 

These arrangements proved best for all three stations so far 
as maximum effective radiation at the different wave lengths 
was concerned. 

Both, antennas and the counterpoise (which was elevated 
to the average height of 60 meters (20 feet) ), were supported 
by a center, steel lattice tower, 85 meters (280 feet) in height. 
This tower is of the well-known triangular cross section type, 
much used by the Telefunken Company, and stands on a ball- 
and-socket joint, being stayed by two guy sets each of three 
solid rod stays, each stay terminating in a concrete anchor 
block. These stays were made up of sections of rods three 
meters (10 feet) long and three centimeters (1.2 inches) in 
diameter. The approximate stress on each stay was 19 tons 
(17,000 kg.). In this way, the towers were held in vertical 
position tho the support was flexible. 

In two of the three stations, both stays and towers were 
insulated from each other and from the earth by glass plat« 
insulators, but at the Noesaniv^ station, frequent earthquakes 
made it necessary to avoid this construction and the tower 
and stays were all directly connected to each other. 

Measurements based on my method^ of measuring radiation 
resistance and dissipative resistance showed clearly that this 

»*'Jahrbuch der drahtlosen Telegraphie, etc.," volume 8, part 2, pages 
109-121. 
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earthed tower construction produced a slight diminution in the 
radiation resistance as well as a small increase in the dissipative 
resistance. There resulted a slight decrease of the total antenna 
resistance as well as of the efficiency of the antenna as a radiator. 
The effects described were measured only for the 1,600 meter 
wave. 

The practical result was that the Noesaniv^ station proved 
slightly inferior for transmission and slightly superior for recep- 
tion as compared with the two other stations. The relative 
superiority and inferiority were, however, quite slight, and in 
no way comparable to the advantages resulting from greater 
security against earthquakes. An additional feature of the 
construction of the Noesaniv6 tower was that it was anchored 
to its base in such a manner as permitted play in the ball-and- 
socket base joint but prevented the tower from jumping out of 
its support in the case of serious earthquakes. As an additional 
precaution against snapping of the main stays, each stay was 
paralleled by a second auxiliary stay connected between the 
same end points. The auxiliary stays were made so as to have 
more sag than the main stays and consequently would come 
into operation only after the main stay had broken. These 
auxiliary stays are shown in Figure 3. 

The area of all the stations was 220 meters (720 feet) by 
440 meters (1,440 feet), the tower being at the center of the 
rectangular area. Four additional masts only 16 meters (52 
feet) high were provided at the corners to permit the four antenna 
wires to be held. These four small masts also supported eight 
of the counterpoise wires. Four seven-meter (23 foot) poles 
supported the remaining four counterpoise wires. The funda- 
mental wave length of the large antenna is about 1,100 meters 
and the capacity at 1,600 meters wave length was about 0.00266 
microfarad. The corresponding figures for the smaller antennas 
were 450 meters wave length, and 0.00156 microfarad capacity. 
There was measured in the antenna an output of about 4 K.W. 
for the 600 meter wave and 5 to 7 K.W. for the longer waves. 

Transmission is accomplished in the usual way by a hand 
key which operates a quick-acting magnetic relay key in the 
transformer low tension circuit. 

Earth arresters are provided as well as an appropriate form 
of switch for changing from sending to receiving. 

For reception, the normal Telefunken, crystal detector 
receiving set was provided, consisting of an antenna tuning 
circuit and aperiodic secondary system coupled magnetically 
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and closely thereto. The secondary system contained the 
crystal rectifier and the telephone. The coupling employed in 
practice gave the loudest telephone response; that is, the coupling 
was the so-called most "economical" one, whereby one-half of 
the antenna energy is converted into useful energy in the de- 
tector. The maximum possible energy conversion is thus 
achieved. 

While this method gives the greatest signal strength, and 
therefore the longest transmission range, it is of doubtful value 
when considering the elimination of interfering signals or strays 
the antenna damping being doubled as compared to that of the 
unloaded antenna. The selectivity is therefore diminished, 
and the detector circuit is too closely coupled to the antenna 
circuit and takes up or responds to the transferred and forced 
vibrations, such as strays in the antenna. During the greater 
part of the year, however, communicating signals were so weak 
that no usual method of reception was possible with the ap- 
paratus as installed. A loosely coupled intermediate circuit 
was available, and was sometimes used at night to diminish the 
intensity of strays; since, in this case, signals were sufficiently 
loud to permit the weakening which always occurred with this 
arrangement. 

Whereas transmission with the large antenna and counterpoise 
ground were found best for all four wave lengths; in reception 
the best results were obtained using a conductive ground, the 
relative advantage in reception being as much as 50 per cent, 
as compared with the counterpoise ground. 

The detectors were silicon crystals and no special means 
were provided to avoid the enormous strays existing in these 
parts of the world. 

A group of illustrations give a clear idea as to the nature of 
the stations. In Figure 2 is shown the exterior of the Landangan 
(or Siteobondo) station. The tower was 280 feet (85 meters) 
high. In Figure 3 are shown the station buildings. Starting 
at the left, there are visible the machinery room, repair shop, a 
long gallery which prevented the noise of the machinery room 
from interfering with the receiving operators, the operating 
room, the inspector's quarters, and an auxiliary building. In 
Figure 4, the base of the 60 meter (200 foot) tower at Landangan 
is shown. The ball-and-socket base construction, triangular 
cross section of the tower, insulators, internal ladder, and radiat- 
ing ground wires are all clearly visible. The machinery room 
at Landangan is shown in Figure 5, the belting from the gasoline 
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engine in the rear and the generator in the front, being depicted 
as well. In Figure 6 is illustrated, in greater detail, the generator 
at Landangan. 

The operating room at Landangan is shown in Figure 7. 



Figure 2 — Landangan (near Siteobondo), 85 m. (280 foot) Tower, Insulated 

At the left is seen the operating table with its usual Telefunken 
receiver, while to the right are shown the high tension panels 
and frames of the transmitter. The middle panel supports the 
antenna and coupling inductances and the shortening condensers, 
while the right hand panel supports the spark gap, primary 
circuit inductance, and primary capacity. Back of this panel is 
seen the high tension audio frequency transformer, and between 
the panels is visible the antenna ammeter. The transmitter at 
Noesaniv^ is shown in greater detail in Figure 8, wherein the 
means of changing wave length readily by the insertion of 
moveable plugs is clear. The system of ventilating the spark 
gap by a blower, placed beneath, as well as other details are 
shown. 
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In addition to the tests carried on between the three sta- 
tions already mentioned, some tests were made in connection 
with the following: 

(a) The station at Aer-Melek, 6° north and 95° 35' east, 
working as a shore station on a 600 meter wave. This station 
is of the same design but only half the power of the three former 
stations. 



Figure 3 — Station Buildings 

Starting at left — Machinery Room, Shop, Gallery (40 m., or 130 feet) I^ng, 
Operating Room, Inspector's Quarters, Gallery, Conveniences 



(b) Men-of-war at the points marked X and Y on Figure 1. 
The output of these stations was about equal to that mentioned 
under (a). 

(c) A small old-fashioned station at Batavia (Z on Figure 1). 
Following this general description of the chain of stations, 

we shall consider one of the subjects technically investigated; 
namely, 

Part 3. Classification and Elimination of Strays 

As is generally known in radio practice, these atmospheric 
disturbances produce in the operator's telephones a hissing, 
crackling, and rattling noise, and are not due to other Stations 
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or electric power plants in the neighborhood, but are propagated 
thru the ether and therefore received in the same way as the 
signals originating at other points. 

The origin of strays, in many cases, is quite obvious but in 
other cases almost untraceable. Even before the invention of 
radio telegraphy, many types of strays were known, especially 
on long over-head telephone and telegraph lines in mountainous 



Figure 4 — Base of 60 m. (200 foot) Tower at Sabang (Showing 
Ground Wires) 



tropical regions, but the interference produced in these cases 
was by no means so great as in radio communication. 

As a general rule, it may be stated that strays are at their 
worst during the night time and in the tropics, and that their 
intensity and character is a function of the time of day and of 
the season of the year. 

The worst trouble from strays is experienced, generally 
speaking, during those months when the sun's altitude is greatest 
and consequently the poor periods of communication do not 
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occur simultaneously over the entire earth. During my own 
tests, it was found that in the tropics, the most unfavorable time 
was that of the west monsoon (or trade wind) which lags some- 
what behind the time of greatest altitude of the sun. 

A very unfavorable circumstance connected with radio com- 
munication in these parts of the world is that the periods of 
maximum strays coincide with those of marked fading and 



Figure 5 — Machinery Room at Landangan (Siteobondo) 



diminution of signal strength during the day time. At some 
of the receiving stations, this diminution brought the signals 
down to inaudibility. 

The result of this unfortunate combination was that during 
the very worst months, signals were much too weak to drown 
out the strays of maximum loudness and on some occasions not 
a single word could be received during the day time. 

A fortunate circumstance connected with these days of poor 
transmission was, however, that the night disturbances were not 
much worse than those during the afternoon, and on the other 
hand, for the wave lengths used, the night signals in these 
parts of the world increased to at least 1,000 times audibility, 
thereby becoming more than 30 times as strong as the best 
signals during the day time. It therefore became possible at 
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night to get the delayed messages thru, working at very slow 
speeds and repeating messages, sometimes, as many as six 
times. Thus, by extraordinary stress on the operators, no mes- 
sage was delayed for more than forty-eight hours. 

The above statement of conditions shows most clearly how 
unfavorable a field for radio communication are the tropics; 
and that for the existing stations, at least, communication of 
the same order of reliability as that existing on submarine 
cables, could not be expected. 



Figure 6 — Generator at Landangan (Siteobondo) 



It should be pointed out, however, that during the favorable 
seasons of the year, the stations worked satisfactorily and that 
the same reliability and speed as that obtained on submarine 
cables was then available. 

For measurements made, during more than a year, of the 
variation in signal strength and from numerous estimates of the 
strength of the atmospheric disturbances, it was found that 
during the most unfavorable times approximately six to eight 
times as large an output was necessary, as compared with the 
favorable season, for suitable communication. It was further 
found that, even with this increased power, there were a couple 
of hours each day which would have to be abandoned for working 
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because of the impossibility of eliminating the very worst strays 
and thunder storms. 

Since the fading of signals during the day time is a very 
unfavorable circumstance in the tropics, it is obvious that in 
these parts of the world especially, successful competition with 
submarine cables is dependent upon the development of means 
of overcoming strays. On the other hand, the invention of such 



Figure 7 — Operating Room at Landangan (Siteobondo) 



means is possible only when a clear understanding exists of the 
mechanism of their production. The doubtful success of most 
of the inventions in this direction must be attributed to the 
ignorance of the inventors of the fact that several classes of 
atmospheric disturbances exist. Generally their inventions are 
aimed at only one of these classes. The results were unsatis- 
factory in all cases since the other types of strays remain harmful. 
Furthermore, most of the means employed to reduce strays do 
not even completely cut off the one type of strays against which 
they were supposed to be devised. 

As a matter of fact, systematic observations were necessary, 
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and these observations were arranged to classify stray dis- 
turbances as follows: 

(a) According to the trouble they gave and the interference 
which they caused with communication; (specifically as to 
loudness and frequency of recurrence). 

(b) According to their apparent difference in quality or 
electrical characteristics, so as to enable a determination of 
their source. 

(c) Detailed tests were then made to separate the different 
classes as indicated under heading (b). 



Figure 8 — Transmitter at Noesaniv^ 

A. Observations on the Loudness, and Frequency of 
Recurrence of Strays 

The quantities in question were estimated by the operators, 
usually twice every hour, and in accordance with a scale of values 
stated below. At the same time the cloudiness of the neighbor- 
hood around the station, temperature, humidity, air pressure, 
wind direction, and strength of wind were stated, so as to give 
some indication of the dependence of atmospheric disturbances 
on all the factors stated above. It will be noted that the scale 
of value is a practical communication scale and is intended to 
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be of value in connection with actual working. The scale of 
values follows: 

0. No Disturbance (This case never occurred). 

1. Weak Strays. These were of such intensity as not to 
interfere to any extent with musical spark signals (1,000 sparks 
per second), corresponding to a loudness of 100 ohms shunted 
across a telephone of 1000 ohms resistance. Such an audibility 
is generally referred to as "ten times audibility." This loudness 
of signal is referred to hereafter as the standard signal, 

2. Medium Strays, These, tho troublesome to some extent 
when the standard signal was being received, and forcing the 
operator to have occasional words repeated, still permitted 
communication. 

3. Strong Strays, While these strays permitted the carrying 
on of communication with much trouble, at slow speeds, and 
with frequent repetition (while working with the standard 
signal), they did not entirely stop communication. 

4. Heavy (or very heavy) Strays. These made communication 
quite impossible with the standard signal but permitted working 
with very strong signals (between 500 and 1,000 times audibihty). 

5. Overwhelming Strays and Thunder Storms, These naturally 
made communication quite impossible even with the strongest 
signals which could be produced in practice. This case was 
almost never experienced, except during one or two hours of 
the very worst days during the most unfavorable part of the year. 

After very many observations, it can be stated that the 
following signal strengths are desired when 1,000 sparks per 
second are employed at the transmitter and an ordinary speed 
of transmission of twelve words per minute. 

Class 1: Signals of 10 times audibility (100 ohms shunt in 
parallel with 1,000 ohms telephone). 

Class 2: Signals of 20 to 30 times audibility. 

Class 3 : Signals of 60 times audibility. 

Class 4: Signals of 250 to 500 times audibility. 

Since class 4 is often required during the bad season and 
since class 1 is the class which is encountered during the good 
season, it is quite apparent that during the unfavorable season 
the radiated energy of the station must be at least six to eight 
times as large as during the favorable season, especially since 
the absorption and variation in strength of the signals is more 
marked during these unfavorable parts of the year. 

In addition to the classification of strays which is given, in 
strength from to 5, these atmospherics were registered, from 
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time to time (when they were very loud), on a tape by means of 

an ordinary Kelvin syphon recorder of the submarine cable type. 

A record of this kind is shown in Figure 9 which gives an 



500MKroAmp9 ^ 






Figure 9 — Tape Record of Medium and Strong Strays Taken with 
Syphon Recorder 



excellent picture of strays of classes 2 and 3. These types of 
strays are present every afternoon in the tropics on an average 
and extend over the whole year. Their limits of strength are 
between 1 and 4. 

The coil of the syphon recorder was of some 200 ohms re- 
sistance and was connected to that point in the receiving ap- 
paratus where the telephone receivers were normally placed. 
Since the impedance of the syphon recorder coil was not very 
suitable in view of the much higher resistance of the silicon 
detector employed, and since the receiving apparatus was not 
very sensitive, very strong impulses only could be recorded in 
this way. This may be easily seen when it is stated that the 
straight line at a distance of about 2 millimeters from the zero 
line of the recorder was made by the syphon with a continuous 
uni-directional current of 500 microamperes was passing thru 
the instrument, corresponding to an e.m.f. of 0.1 volt at the 
terminals^ It is quite clear on observing the tape that on the 
average afternoon of the year, atmospheric disturbances will 
cause the detector to generate e.m.f.'s of several volts. 

Strays of the worst class handled (that is, ranging between 
classes 4 and 4.5), forced the syphon to run off the tape and 
must have produced rectified detector currents of the order of 
some 3,000 microamperes. 

If it be recalled that the standard signal of ten times audibility 
produced only 0.15 microamperes in the recorder coil, and that a 
signal of 500 times audibility (which could be received thru 
almost all strays) produced only 7 microamperes; it is a matter of 
extreme astonishment that signals can be read thru strays as 
readily as is the case. The superiority of the musical signal 
is obvious since it is picked up thru noises giving direct currents 
in the coils of the recorder or telephone receiver as much as 
400 or 500 times the current corresponding to the signal itself. 

As a matter of fact, these very strong atmospheric dis- 
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turbances will result in a loss of some words. It is clear, how- 
ever, that a signal which pierces all strays and is 500 times 
audibility, gives a deflection on the tape of only 0.02 mm. 
(0.008 inch) and therefore is not detectable. On the other 
hand, the continuous crackling atmospherics of small amplitude 
in Figure 9, which would not cause the loss of any signals, still 
represented strays 20 times and more as strong as signals of 
500 times audibility. This again brings out clearly the superiority 
of musical signals. 

The tape, on the other hand, records the average atmospheric 
disturbance during the afternoon in the tropics, and shows 
clearly how difficult radio communication is under these cir- 
cumstances. We may take as the basis of comparison, that a 
signal of 500 times audibility gives an unreadable deflection of 
0.02 mm. (0.008 im^h) while the actual strays give deflections 
of the order of millimeters. 



B. Classification of Strays as to Electrical Nature 

AND Source 

The strength and frequency of recurrence of strays were the 
most important factors from the point of view of the designer, 
since they determined the necessary signal strength at the re- 
ceiver and therefore the output of the transmitting station. 
Of course, the variation of received signal strength and the speed 
of transmission must be considered. 

The source of strays and the mode of their propagation is of 
the most scientific value, altho such knowledge also assists the 
designer in devising improvements for rendering strays harmless 
and therefore permitting the maintenance of service with smaller 
station outputs. In order to procure this necessary knowledge, 
the operators were ordered to note the typical features of dis- 
turbances which were received, in order that a possible clas- 
sification thereof, relative to origin, might be considered. In 
this way we succeeded in getting three distinct types of at- 
mospherics. 

Type 1: Loud and sudden clicks occurring in more or less 
widely separated groups. When these are not mixed with other 
disturbances, they do not interfere seriously with communication. 
They cause the heavy dominating groups of Figure 9. Generally, 
they will result in a loss of a single word in a message for each 
of the widely separated groups, and they were shown to originate 
in nearby or distant lightning discharges, 
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Type 2: A constant hissing noise in the telephone receivers 
giving the impression of a softly-falling rain or of the noise of 
water running thru tubes. This type occurs only occasionally 
when there are dark, low-lying electrically charged clouds near 
the receiving antenna. 

This type was studied in great detail by one of my col- 
laborators, Lieutenant H. G. Holtzappel of the Royal Dutch 
Navy, and now Engineer of the Dutch Indian Telegraph Service. 
These strays proved to be intermittent, unidirectional currents 
in the antenna. A direct current galvanometer switched into 
the antenna without any rectifier showed a deflection corresp)ond- 
ing to these strays. 

The hissing noise in the telephones as well as the fact that 
the condenser in series with the galvanometer altered but did 
not stop the deflection, proved, however, that we had to deal 
here not with ordinary direct current but with uni-directional 
impulses. The ordinary cotirse of events with this type of 
strays was the following: The galvanometer gave an increasing 
deflection for about one-quarter hour, and a maximum of some 
0.3 railliampere effective current was reached. Thereafter, the 
deflection decreased for another quarter hour and strays became 
normal again. 

At the same time, incoming signals had the opposite tendency 
to become weaker and weaker, and after one-quarter hour they 
began to increase until the normal signal strength was again 
obtained at the close of the disturbance. 

Lieutenant Holtzappel attributed the fading away of the 
signals to the alteration of the antenna constants by the passing 
clouds. We should rather suggest (or possibly add thereto) 
the alteration of signal strength caused by overload of the 
detector and consequent diminution of sensitiveness of the 
detector. The antenna current produced by these strays is 
rather strong, as has been stated, and the hissing sound produced 
in the telephones shows that a large amount of energy is being 
transferred to the detector. 

As disturbances of the type are rather rare and last for only 
a short period, they did not interfere seriously with communica- 
tion and are rather of scientific than of engineering interest. 

I would suggest that these disturbances are due to physical 
contact of the antenna with charged particles or to an invisible 
brush discharge of the antenna toward the low-lying, highly 
charged clouds. The fact that the current induced in the 
antenna grows and diminishes synchronously with the arrival 
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and departure of the clouds hints at the correctness of the 
latter solution. 

Type 3: This type produces a continuous rattling noise in 
the telephone something like the tumbling down of a brick wall. 
Such strays are always present. Their strength is a function 
of the period of the year and they are most troublesome in the 
afternoon and night. They are not well known during the day 
time in temperate climates, as in Europe, but are always present 
in the tropics. 

Since these disturbances are of a continuous character, they 
are the most troublesome to handle; and, in fact, frequently 
suppress communication entirely. Often during the period of 
the west trade wind or monsoon, they are accompanied by heavy 
thunder storms, these latter causing disturbances of type 1, 
tho this is not the general rule for all seasons of the year. As a 
matter of fact, the maxima of types 1 and 3 do not coincide at 
the same portions of the year. 

Both types 1 and 3 do not affect to any noticeable extent the 
loudness of the signal, as do strays of type 2. The signals are 
merely actually overwhelmed by the superior loudness of the 
strays. 

So far as these disturbances were known in Europe, they 
were largely attributed to distant tropical thunder storms.* 
Dr. Eccles* well known theory is based on this assumption. 
It will be proven further on that Dr. Eccles' theory does not 
cover strays of type 3 since these have been shown to be aperiodic. 
In contrast, strays of type 1 have been shown to have only a 
very limited range, especially during the day time. 

On the other hand, M. Dieckmann' has already pointed out 
that other disturbances may possibly be produced by sudden 
alterations of the potential distribution in air levels near the 
earth. It was therefore thought of interest to investigate to 
what extent the three types of strays were different in natiire 
and source, in order that they might be separated electrically. 

C. Tests for the Separation of Different Types of 

Strays 

The means of investigation in this direction were given by 
Dieckmann himself in that he recommended the use of an 
aperiodic shielding cage around the antenna. If this cage is 

*Dr. Eccles' paper, September 4 and 11, 1912, before the "British Asso- 
ciation,'' and ''Janrbuch der drahtlosen Telegraphie, etc.,'' volume 7, part 2, 
page 203. 

«M. Dieckmann, "Luftfahrt und Wissenschaft," part 1, 1912. 
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suitably designed it will permit signals and such periodic dis- 
turbances as those of type 1 to pass thru, and reach the antenna; 
and they will be received almost unweakened. On the other 
hand, aperiodic variations in the static field around the earth 
and other aperiodic disturbances would not reach the detector, 
the antenna being screened from the earth field by the Dieckraann 
cage. 

As such a cage is not easily built around extensive antennas, 
a special antenna was built for this purpose, consisting of phos- 
phor bronze wire of 1.5 mm. (0.06 inch) diameter, surrounded 
by a vertical cage. The length of both the wire and this cage 
was 30 meters (100 feet). 

The cage consisted of four vertical hemp ropes placed parallel 
to the antenna wire and at equal distances from it. The four 
ropes were linked together every 50 centimeters (20 inches) by 
horizontal square loops of galvanized iron wire, making a large 
cage, the section of which measured 50 centimeters by 50 
centimeters (20 by 20 inches). 

As these squares of wire were all placed perpendicular to the 
antenna wire, they could not interfere seriously with the recep- 
tion; but could only increase the effective antenna capacity. 

All sixty of these squares were connected aperiodically to 
each other and to the earth by a thin high resistance manganin 
wire. Afterward it proved possible to connect them by a 
copper wire and to connect the entire system to the earth from 
this wire thru the high resistance without spoiling the results. 
The best solution remains, however, to have resistance coils 
inserted in the down leads, so that practically no part of the 
cage can swing electrically. 

Since the antenna under test was supported by a mast from 
which other antennas were also suspended, these antennas and 
all other parts of the masts and stays that could be set into 
electrical vibration had to be grounded thru high resistances. 

This precaution is very necessary to make the cage function 
effectively; since otherwise aperiodic strays would cause the 
above systems to vibrate by shock excitation in their funda- 
mental frequencies and the electromagnetic waves produced by 
them would pass thru the cage and reach the test antenna. 
In this way, strays would be propagated thru the cage and 
received. 

Other investigators have not found the Dieckmann cage of 
any use and I can attribute their failure only to lack of the 
proceeding precautions. 
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After the precautions mentioned were carried into practice, 
however, we found Dieckmann's statements as to the usefulness 
of the electrostatic shielding cage to be strictly confirmed, 
inasmuch as a certain aperiodic type of strays was quite sup- 
pressed thereby. The result of comparative tests was that on 
afternoons when distant lightning showed in the sky, loud clicks 
produced by atmospherics of type 1 were received regardless of 
whether the cage and surrounding oscillators were aperiodically 
earthed or not. 

While observing these distant lightning flashes, almost every 
click or group of clicks in the receiver coincided with a distant 
flash, thus proving that the lightning type of atmospherics 
(Eccles' type) cannot be cut off by the Dieckmann cage and 
for this reason must be of periodic character as heretofore 
supposed. 

It should be noted that the strength of signals received 
when using the Dieckmann cage was not appreciably reduced. 

On the other hand, at night time, after thunder storms and 
rain in the afternoon (the neighborhood being then quite free 
from lightning disturbances), rattling strays that could still be 
heard as long as the cage and neighbouring oscillators were 
insulated, would be completely cut off as soon as all these con- 
ductors were aperiodically grounded. 

This proved that this particular type of strays (of type 3) 
was not of periodic character but must have been of the aperiodic 
type found by Dieckmann. 

The type 2 disturbances did not happen to occur during 
these comparative tests, but since their natural source is known, 
as before stated, it is easily seen that the Dieckmann cage must 
eliminate them. 

The only type not cut off by the cage seems to be type 1, 
or the lightning type of strays. 

We shall next prove that these strays of type 1 are by no 
means the general type they were supposed to be by Dr. Eccles. 
Thereafter, it will be clear that strays of type 3 are the most 
important and main type of strays. 
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Proof that the Lightning Type of Strays is Not the 
Most General Type (as supposed by Dr. Eccles) 

and 

That the Difference Between Day and Night Strays is 

Not Due to Differences of Absorption Between the 

Lightning Center and the Receiving Station 

(a) The continuously present strays of rattling character, 
without much space between the different groups, faint in the 
morning, stronger in the afternoon and at least equally strong 
or even stronger at night, do not originate in distant lightning 
at all. This is clearly shown by the above-mentioned tests with 
the Dieckmann cage. These strays were easily screened off, 
whereas strays originating in lightning passed thru. 

(b) The Eccles' theory presupposes a long range for strays 
originating in lightning, and especially during the night time 
because of the lack of absorption in the intervening medium. 
This supposition must be doubted. At our three stations, we 
frequently had to ground one of the receiving antennas because 
of dangerous and violent thunder storms in its immediate 
neighborhood. On the other hand, at the same time both of our 
other stations were continuing their communication without 
noticing any trace of extraordinary strays. 

As the stations are only between 890 and 1610 kilometers 
(550 and 940 miles) apart, and thunder storms at one station 
did not produce noticeable disturbances at our other stations, 
there is no way of understanding how strays originating in 
thunder storms could reach temperate zone countries, (e.g., in 
Europe) at least ten times as far away and produce serious dis- 
turbances there. As a second proof of the short range of dis- 
turbances produced by thunder storms, it will be remembered 
that on nights following afternoons during which a thunder 
storm occurred with heavy rain fall, no strays originating in 
thunder storms were received. This was known by the fact 
that during such nights, the strays could be cut off by the 
Dieckmann cage. 

Since the strays produced by the above-mentioned thunder 
storms were clearly local in character, it was obvious that dis- 
tant thunder storms do not produce appreciable disturbances. 

(c) Dr. Eccles takes the tropics as the origin of thunder 
storms. This being supposed to be their origin, there could be 
no large difference between strays during the day and during the 
night, the source being at all times comparatively near at hand. 
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Tho this point of view is partially supported by the fact 
that there are some times of the year when strays are almost as 
loud in the afternoon as during the night, still there is always 
enough difference, even in the worst months (and especially in 
those months during which strays in the day time are not strong), 
to make it certain that the tropics are not the center of strays 
originating in thunder storms. 

The tropical regions cannot be a center of lightning storms 
and resulting strays for the reasons mentioned; and, in addition, 
they can not be at a great distance from a long range center, 
since, in the latter case, strays at our different stations, tho of 
different loudness, should always occur at the same moment. 
This is positively shown not to be the case by experiments; 
tho the same average daily and annual laws of intensity 
variation are found. The same definite noise or burst of strays 
is not heard at the same moment by the different stations. 

As our stations are not in the supposed center of stray origin 
and since they are also obviously not outside of this center, the 
stray center of Eccles can not exist. There are, of course, 
centers of wave propagation in the neighbourhood of thunder 
storms but the range of these strays is certainly less than 900 km. 
(550 miles). 

Consequently the stray phenomena observed in Europe can 
not simply be explained on the basis of the assumption of a 
tropical thunder storm center and subsequent variations in the 
strength of strays caused by changes in propagation thru the in- 
tervening ether. It is clear, then, that the most generally present 
type of strays, namely, those of type 3, must be generated in 
some other way than that suggested by Eccles, that is, by 
tropical thunder storms. And the simultaneous existence of 
the different types of strays may account for the failure of the 
many arrangements attempted to eliminate strays. 

Marconi's original "X-stopper,** which operated on the 
assumption of a definite frequency of the incoming strays, could 
only reduce strays of type 1, but was not effective in practice 
because it failed to eliminate strays of types 2 and 3. 

The Dieckmann cage could only eliminate strays of type 2 
and 3 but could not prevent strays of the first type from reaching 
the detector. 

Since the investigatoi's were not aware of the different ex- 
isting types of stiays, both of the devices were rejected as being 
non-operative. 

Every means, such as loose coupling in the receiver and 
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simultaneous detuning of the intermediate circuit and also 
Marconi's balanced detectors (which helped for all types of 
strays to a certain degree) was based only on the principle of 
weakening of strays to a greater extent than the signals, and 
therefore could attain only partial success. The Marconi 
balanced crystal receiver is shown in Figure 10. Later in this 
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Figure 10 — Marconi Balanced Crystal Receiver 



paper, I shall describe a device of my own employing only a 
single detector but giving similar results to those which Marconi 
obtained, but with two detectors. I shall describe also several 
other devices, the principal one of which might be expected 
to be completely successful. 

As to the existing devices, with the exception of the last- 
mentioned one^ none proved as effective as the musical character 
of the transmitting note; which, as stated, enabled the high 
selectivity of the ear to pick out signals thru strays of from 
100 to 500 times as great intensity. 

Before proceeding to the last portion of this paper, an ex- 
planation of my own as to the origin and propagation of the 
dominant type of strays (those of type 3) which are not covered 
by Dr. Eccles* theory, will be given. I shall first describe several 
arrangements which I devised to eliminate strays and inter- 
ferences from other stations. 

(a) The first device is similar in action to Marconi's balancing 
detector, but needs only one detector. It is effective against 
very heavy strays, but especially against interfering stations. 
The arrangement consists in applying to a carborundum-steel 
detector, an additional constant e.m.f. in the reverse direction 
from that generally used. The diagram of connections is 
shown in Figure 11, and will be seen to be the same as that of 
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the Marconi balancing scheme with the exception of the omission 
of the second crystal. The e.m,f . Ei is reversed so that the direct 
current flows in that direction for which the crystal shows the 
smallest conductivity. As is generally known, this weakens the 
reception to something like 50 per cent, of the available rectified 
current as against the optimum rectification obtained by ap- 
plying the e.m.f. in the right direction. Still, reception is many 
times stronger than when using the detector without any ad- 
ditional applied e.m.f. 
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Figure 11 — Stray Reducing Circuit Operating with Reversed 
Auxiliary E.M.F. 



On the other hand, the reverse applied steady e.m.f. changes 
the characteristics of the detector as Figure 12 shows. The 
result is that weak signals are received much more loudly in 
proportion and absolutely than stronger ones; and that for 
a tjertain strength of signal and the corresponding . applied 
e.m.f., there is no rectified current at all and therefore no re- 
ception. 

I was easily able to make the loud signals from a steamer in 
the neighborhood of one of our stations inaudible by applying 
a suitable e.m.f. in the reverse direction. At the same time, 
signals 100 times weaker were being received from a distant 
station. As regards strays, the device operates in the same way 
as the balancing detector scheme; that is, there is only one 
strength of strays which can be made completely inaudible. 
Stronger strays are weakened and signals are similarly weakened, 
suppression depending upon their intensity. The device is 
therefore much more useful for the elimination of powerful 
interference from stations of constant loudness; and particularly 
so since these can be cut out with increasing ease, the louder 
they are. On the other hand, the device is only very partially 
successful against strays, which is also the case with Marconi^s 
device. To explain the operation of the device I shall consider 
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Figure 12. This represents the well-known direct current char- 
acteristic of the carborundum-steel detector. As is generally 
known, the best working conditions are obtained at the bend B 
of the positive part of the curve, say for an additional applied 
e.m.f. of +F volts. The best value of V depends to some extent, 
on the strength of the incoming signals. 

If we apply instead of the positive e.m.f. +F, a negative 
e.m.f. — F, we see that the additional alternating e.m.f. 2A1, 
will give no response whatever, since the areas of A 2b and 
of -Ala are equal and opposite in sign. A loud signal, therefore. 




Figure 12 — Characteristic of a Carborundum-Steel Detector 

gives no response, altho a weak signal does. For instance, a 
signal of one-third the former ampUtude, a'AO, will give the re- 
sponse corresponding to the resulting negative area Aa^b\ 

We see that we have no reception of strong signals but at 
the same time a perfect reception of weak signals. We can 
cut out very powerful interfering stations in this way. It is 
clear from Figure 12, that the stronger the interfering signal is, 
the higher the negative voltage which must be applied to cut 
out interference perfectly. Since on the other hand the loud- 
ness of the, signals for which reception is intended, depends 
largely on the value of the applied negative e.m.f., the best 
working conditions are obtained for the value of — F between 
and 2. The arrangement works best for the very strong 
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interfering signals which are compensated for by this large 
negative voltage. The arrangement is thereby best suited to 
long distance stations, situated near harbors or other centers of 
heavy traffic, and consequent interference. 

The effectiveness of the arrangement against strays is quite 
clear since Figure 12 shows that the weaker the signal, the 
smaller the response, proportionately speaking. For strong 
signals the response becomes zero. While for excessively strong 
signals the response begins again, the rectified current is in the 
opposite direction to the applied constant e.m.f. 

(b) Another arrangement was tried, which was effective only 
against interfering stations to some extent, but did not weaken 
incoming signals at all. Tho the arrangement is of no use 
against strays, it is briefly described here since it is useful in 
many cases. 

The Landangan station, when receiving from Oiba on the 
1,600 meter wave and working on the large antenna, was always 
interfered with by ship stations in the harbor of Panaroekan, 
15 km., (9 miles) distant, and Soerabaie, 180 km., (110 miles 
distant) on the 600 meter wave. This interference was over- 
come in some tests by tuning a small antenna (which is referred 
to in the description of the stations) to the interfering 600 meter 
waves. As soon as this was accomplished, the interference was 
practically eliminated especially when resistance was introduced 
in the smaller antenna so as to make the damping of both an- 
tennas the same. This tuning was very sharp; and the success 
of the arrangement was not due to a screening action since the 
two antennas were not in the same line with the interfering 
station. The action must be due to compensation of the incom- 
ing interfering signals in the main antenna by re-radiated energy 
from the compensation antenna. 

(c) The third arrangement, which was tried, was in the direc- 
tion of the elimination of strays, and its diagram is given in 
Figure 13. 

Two receiving antennas, Li, L2 of the same shape and di- 
mensions, were installed near enough together (10 or 20 meters 
or thirty to sixty feet apart), to make them respond in the same 
way to strays. (For the aperiodic disturbances, this distance 
could be easily increased, but for periodic disturbances, the 
distance of separation must be small compared to the wave 
length of the strays, in order to get the induced e.m.f.'s in phase.) 
On the other hand, the antennas must be placed sufficiently far 

104 



Digitized by 



Google 



apart so that signals set up in the one which is made aperiodic 
(L2) shall not cause currents in the tuned antenna (Li). 

One of the antennas, Li, is tuned to the incoming signal 
and coupled to the detector circuit Z>i in the ordinary way. 
The detector Di will rectify signals as well as strays and send 
the rectified current into the telephone; or, as in the case of 
the drawing, into the differential transformer T^. The antenna 
Lz is tuned either to the same, or preferably a longer wave 




Figure 13 — Compensation of Periodic Strays at Audio Frequencies 



length, thus making it less sensitive to the signals and more 
sensitive to the long wave strays. The detector D2 is switched 
directly into this antenna, thus making it aperiodic or nearly so. 
This arrangement makes it almost impossible to receive any 
distant signal on the antenna L2, but loud signals on wave 
lengths different from those to which Li is tuned and strays give 
a response that is nearly as loud as can be obtained on the 
tuned antenna Lu 

The rectified current is sent to the same telephone mentioned 
before; or, as in the case shown in the drawing, to the dif- 
ferential transformer T^- However, this second current from 
the aperiodic antenna, Li, is arranged to act in the opposite 
direction from that of Di, The telephone T is either connected 
in series with Di and A; or, as in the drawing, in a third winding 
of the differential transformer and in series with the condenser 
C to permit tuning to the spark frequency. Since D2 does not 
respond to distant signals, there will be heard in the telephones 
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the signals from Di only, whereas the strays rectified by Di 
and I>2 tend to compensate. By varying the coupling K, this 
compensation can be made complete. 

This device will only permit complete compensation of strays 
of different loudness when the characteristics of both detectors 
Di and D2 are similar. This is easily accomplished by using 
carborundum crystals with the best applied e.m.f. As soon 
as this is applied, the characteristic for rectified currents as 
plotted against incoming alternating current is almost a straight 
line. This scheme was tried in practice but since the two equal 
antennas were not available, compensation could be obtained 
only for rather weak couplings, X, with a consequent loss of 
signal strength. The results were encouraging enough, how- 
ever, to warrant repeating the trials on a larger scale, and with 
proper apparatus. The results of these more elaborate and 
confirmatory tests, will be published in the Proceedings 
within a short time. I am entirely convinced that this compensa- 
tion device, combined with the Dieckmann cage around the 
antenna to cut off aperiodic strays, solves the problem of the 
elimination of strays. It will be seen that the same principle of 
compensation just described for the rectified or audio frequency 
currents is available too for the radio frequency currents. How- 
ever, the currents to be compensated for in this case must be 
of the same frequency, decrement, and phase, thus introducing 
difficulties not encountered with audio frequency compensation. 
For audio frequency compensation, it is sufficient that both 
rectified currents should be equal in frequency. Radio fre- 
quency compensation requires two antennas tuned to the same 
wave length and close together, and having the same decrement. 
Consequently, in this case, the use of an aperiodic compensating 
antenna is not possible. 

In order to get compensation at radio frequency, two antennas 
of the same size and wave length must be used, one of which is 
more sensitive to incoming signals than the other and both 
of which must be equally sensitive to strays. This could be 
done by having a directive aerial pointed toward the receiving 
station, and either a directive antenna in the minimum receiving 
position relative to the sending station or a non-directive antenna 
for compensation. In both cases, a great loss of signal strength 
will be involved, since the compensating antenna will not only 
compensate strays but also the incoming signals to at least a 
large extent. I therefore prefer compensation of the rectified 
audio frequency current rat her than radio frequency compensation. 
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Part 4. The Author's Suggestions Relative to the 
Origin and Propagation of Type 3 Strays 

Since the theory of Dr. Eccles' does not hold good for this 
type of strays, I attempted to suggest another solution. To 
begin with, it is necessary to consider the curves of daily and 
monthly variation of strays. In Figure 14 are given the curves 
of daily variation, averaged over every month of the year, for 
all strays received during the daytime at the Landangan (Siteo- 
bondo) station. The year during which the observations were 
made began in June, 1913 and ended in June, 1914. The 
averages for these two years (that of June, 1914 being dotted) 
agreed very well. 

The strays indicated by the letters **Ls** are plotted ver- 
tically in accordance with their scale of values from to 5 as 
given in Part 3 of this paper. The average value for every hour 
of the day (in true solar time of the place under consideration) 
is the heavily drawn black line. The dashed lines indicate the 
limiting (that is: the highest and lowest) values observed during 
the hour in question. 

We see that altho the average line could be drawn for the 
daily variation, the individual values during the same hour 
on diflferent days in the months may be widely divergent on 
both sides of the average. It is clear also that morning and 
afternoon curves are symmetrical only for those months of the 
year during which the altitude of the sun is a minimum (that 
is: June, July and August). Symmetrical curves of this type 
are common for European stations. 

These months of maximum sun's altitude covered the period 
of the latest trade wind (or east monsoon); and we shall call 
the daily variation curves during these months, the ''east mon- 
soon characteristic.'' We shall indicate this type of characteristic 
by the sign w, meaning that during these months, strays slowly 
fall from the sunrise point o to noon and then slowly rises until 
sunset o. It will be seen that the characteristic for the month 
of August is already changing into a second type of characteristic, 
and that a change is also occurring during the month of May. 
It is only during these months that the stations fully fulfill their 
contract. 

As the altitude of the sun increases, it will be noticed that 
the characteristics continually change, not so much in the 
morning but chiefly in the afternoon. The characteristic then 
becomes of the general shape indicated by its sign -r> as found 
in the characteristics during the months of September, October, 
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March, April, and May. As has been stated August is of an 
intermediate form. This characteristic we shall call the "inter- 
mediate period characteristic." It is found during stormy 
periods when neither of the two types of trade wind dominates. 
On the average, communication is possible in the morning during 
these months, but during the afternoon contractual requirements 
could not be met. 

With the latitude of the sun still increasing and the west trade 
wind (the west monsoon) becoming permanent, the characteristic 
takes the form indicated by its sign u^j with high values in the 
morning during the months of November, December, January, 
and February. During some days in this period, no com- 
munication can be handled, since the signals also fade in intensity 
as do the strays in the morning. 

We shall study hereafter, the meaning of the signs employed 
in these characteristics. 

Figure 15 gives the average daily variation over the whole 
year, with night observations included. It must be admitted, 
however, that the dashed portion of the night curve is to be 
critically considered, since not many observations were available 
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Figure 15 — ^Average Daily Variations of Strays Thruout the Year 
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during such times, the stations being generally closed during that 
part of the night. We see that the average day of the year 
gives a high value during the night time for the stray intensity ; 
(namely, class 4; that is, requiring a signal strength of 250 to 
500 times audibility for satisfactory communication). About 
two hours before sunrise, the strays began to weaken until at 
10 o'clock in the morning, the minimum is reached. Then the 
strays increase until three in the afternoon, remain almost 
constant until an hour before sunset, after which they rise 
sharply to the night value. 

It is easUy seen that there is enough difference between day 
conditions (and especially morning conditions) and night condi- 
tions to enable us to conclude that if the theory of Eccles were 
correct, our stations on the average, are not situated near the 
thunder storm center. On the other hand, it would seem that 
in the afternoon, we were rather near such a center, the dif- 
ference between average afternoon and night observations being 
only small. This already indicates that the phenomena are not 
governed by so simple a supposition as that of Eccles. In 
Figure 15 there is also shown the same curve of daily variation 
of stray intensity thruout the year plotted in polar co-ordinates 
around the circular cross section of the earth. The direction 
of the impinging sun beams and the direction of rotation of the 
earth around the sun are given. 

We see that the polar diagram shows two curious half-oval 
curves of different sizes for the day and night observations 
(abc and a'b'c') symmetrically arranged relative to the direction 
of motion of the earth around the sun and connected by the 
steep lines {pq and p'g')> these steep portions occurring near 
sunrise and sunset. 

It is quite clear that the night phenomena are the sym- 
metrical repetition of the day phenomena; and that the reason 
for the difference between night and day must be found, in all 
probability, in the medium between the point of origin of the 
strays and the receiver which is under the influence of the radia- 
tion of the sun. We find this same influence, in a much more ' 
pronounced form, in the propagation of the electromagnetic 
waves of the radio transmitter; and I proved elsewhere that the 
difference must be due to ionization of the air layers up to a 
height of some 200 km. (125 miles). 

In this connection, it is interesting to note from the polar 
diagram of Figure 15 that the diminution of strays at the point 
A begins long before the time of sunrise at the place in question. 
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That is, as soon as the layers in the atmosphere above the place 
are touched by sunlight, the change begins. 

This indicates that the source of strays is not (as Eccles 
supposes) in the lower layers of the atmosphere, since the dif- 
ference between night and day would, in that case, begin only 
as soon as the lower layers between the source and receiver are 
reached by sunlight. The assumption of the source of the strays 
in the higher layers of the atmosphere is therefore logical, and 
under these conditions, the difference between day and night 
strays is natural and to be expected. 

Another interesting fact in connection with the shape of the 
polar curve of Figure 15 is that the strength of strays is not a 
function of the direction of the impinging sunbeams but that 
the curves are symmetrical relative to times determined definitely 
by the movement of the earth around the sun. This furnishes 
a hint, as to the manner in which the higher layers of the at- 
mosphere may become the source of disturbances. 

In its course around the sun the earth frequently is struck by 
cosmic particles which give rise to disturbances in the electric 
conditions of the upper layers of the atmosphere. It is clear 
that the disturbances must be different on different parts of the 
layer; and this difference between collisions in front of the 
earth and those in back of the earth (as referred to the earth's 
motion) would give rise to the oval form of the diagrams. 

These oval curves would be easily explicable if we assume as 
the source of strays an atmospheric layer of considerable height 
which is disturbed by the irregular bombardment of cosmic 
particles of dust or is disturbed in any other plausible fashion. 
Tho the theory of cosmic bombardment of upper layers appears 
to me to be the most plausible origin of strays of type 3, par- 
ticularly since such a source of strays would explain also the 
cause of daily variation in the strength of the earth's magnetic 
field, nevertheless, we are not suflSciently well informed con- 
cerning the upper layers of the atmosphere to be able at this 
moment to give a definite proof of my assumption. 

If, therefore, I base my explanations of the strays of type 3 
on the above mentioned proposition, it is rather because it seems 
to me quite a plausible explanation than because it can be 
absolutely proven to be the truth. If this high layer is the 
source of strays of type 3, it is quite clear that not only the point 
directly over the station (that is, the zenith) can be the source 
of strays; but that in every case, the changes in electric condi- 
tions in the circular segment of this layer the center of which is 
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the zenith of the station will contribute to the strays observed 
at the station under consideration. The nearer the point of 
disturbance to the station zenith, the more pronounced will be 
the disturbance. 

It is, of course, of some interest both practically and scien- 
tifically to note the approximate radius of the segment above 
mentioned, since this will give us an indication of the range of 
strays of type 3 and of the limiting possibility of distance at 
which strays of type 3 may be heard simultaneously in different 
stations. 

Of course, the type of receiver used alters this effective stray 
radius, and it is well known that with very sensitive receivers, 
not only the loudness of the strays increases but also that the 
number of strays ' received every minute also increases, thus 
showing that in the latter case, we detect more distant stray 
centers. 

For the detector and receiving set used for the observations 
in the Indies, which receiver has been briefly described in Part 2 
of this paper, the average range of strays of type 3 can not be 
definitely determined. 

On examining the oval curves of Figure 15, it can be clearly 
noted that the average diminution of the night strays into the 
day strays (as averaged over the entire year) is complete only 
at the point p; that is, one hour after sunrise at the receiving 
station. Similarly the increase of day strays to night strays 
begins as early as p'; that is, one hour before sunset at the station 
under consideration. This shows clearly that the illumination 
by sunlight of places one hour distant from the station in ques- 
tion causes a limiting effect, which is just detectable by means 
of the resulting change in strays at the receiving station, if 
receivers are used of the type described. The range of these 
centers of stray origin, or the radius of the segment mentioned, 
is therefore the distance of rotation of the earth in one hour; 
that is to say, 1/24X40,000 km., or 1,670 km. (1,000 miles). 
In other words, stations with receivers of the type employed 
at our station and separated by a distance of 3,340 km. (2,000 
miles) might expect to detect some strays of type 3 at the same 
moment; but in this case the strays would be faint to the limit 
of audibility. On the other hand, if the stations are 1,670 km. 
(1,000 miles) apart, and the stray originates just above one of 
the stations, this station will detect it very loudly and the other 
station will detect it as just audible. 

This is the reason why during tests intended to study simul- 
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taneous strays at different stations, the stations must be quite 
close to each other in order to detect simultaneously and con- 
tinuously the same strays at the same time, as the researches 
carried out by Dr. Eccles showed. 

Under these conditions, each station hears the most powerful 
groups of strays. The conclusion drawn from these results has 
been used erroneously to prove Dr. Ekjcles' theory of the lightning 
origin of strays. Since, however, strays of type 3 were dominant 
and since the range of strays from lightning is not very large, 
the method of simultaneous station observations will yield only 
slight results. 

In the light of my theory concerning type 3 strays, loud 
groups of such strays mean that the point at which strays are 
originating in the upper layers of the atmosphere is near both 
stations; that is, at a distance considerably less than 1,670 km. 
(1,000 miles). Furthermore, simultaneously heard loud signals 
indicated, in addition, that the source of strays was not very 
far from the point half-way between the stations. It is quite 
clear that these conditions are only fulfilled for stations not more 
than at the most about several hundred km. (or miles) apart. 
The extreme limit is estimated by me as approximately 1,000 
km. (600 mUes). Also all other centers of type 3 strays around 
the stations will produce responses in both stations which un- 
doubtedly occur simultaneously but will be so different in 
strength, because of the difference in distance, that these stray 
interruptions will never give the impression of simultaneity. 
Lastly, the apparent similarity of strays at the two stations 
wUl be still further spoiled by the reception at each station of 
strays which are inaudible at the other. 

The correctness of the previous reasoning is strictly con- 
firmed by the fact that, tho Figure 15 shows a range of the strays 
at 1,670 km. (1,000 miles) during the day time, no simultaneous 
strays could be observed at our three stations which were only 
between 890 km. (550 miles) and 1,610 km. (970 miles) apart; 
and this was the case even at night. 

On the other hand, tho not simultaneously occurring, the 
average daily curve of strays was not much different for the 
different stations. This was to be expected from my theory, 
the different stations being sufficiently near together to be under 
practically the same average influence of the layer above them, 
and this small part of the total layer is struck by a nearly con- 
stant number of cosmic particles. 

All of these effects agree with the theory here given and 
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militate against the correctness of the theory of the lightning 
origin of strays, as do also the demonstrations with the Dieck- 
mann cage. On the other hand, it is possible from the considera- 
tion of the point q of Figure 15, where the diminution of night 
strays to day strays begins, to approximate the height of the 
disturbed layer. 

The diminution from night strays to day strays begins as 
soon as a point of the upper layer some 15° sunward (that is, 
to the east) of the station under consideration is reached by 
sun beams. We must also remember that this distance of 15°, 
which equals one hour of earth rotation, was found to hold 
during the day time (at points p and p'). The distance between 
the station and the most distant perceptible centers of strays at 
night is larger since the propagation of strays is then better. 
We are at a loss, however, to determine what value shall be 
taken for the better transmission at night; consequently we 
shall assume a minimum distance; that is, 15°, and equal to 
that during the day. We shall see that by so doing, the layer 
height as calculated will be too large. 

From Figure 15, we note that the decrease of strays begins 
about 2.5 or 2 hours before sunrise. The exact moment is not 
quite certain because, between these times, the dashed portion 
of the curve is not absolutely trustworthy. From these figures, 
and taking a more frequent radius of the stray circle to be one 
hour or 15°, we find that the first sun beam, after touching the 
earth (see beam A of Figure 15) reaches the upper layer at a 
point directly above the station, provided the station will have 
its sunrise 1.5 to one hour afterwards. 

If in Figure 16, E is the earth, L the upper layer, A the 
zenith point of the station, a, which is reached by the first sun 
ray, then we can calculate the height h of the layer from the 
formula 

h{2r+h) = RHan^ay 
and since H is small compared with'2/J 

R. 

h = — lav? a, 

in which R is the radius of the earth. For a = 1 to 1.5 hours = 15° 
to 22.5°, the height h is found to be between 225 km. (140 miles) 
and 540 km. (330 miles). 

It is an interesting confirmation of this theory that in the 
neighborhood of the first value given (that is, between 180 and 
200 km.) (110 and 120 miles), a layer of the type mentioned 
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has been predicted by scientists in many fields. This layer, 
the Heaviside layer, is supposed to be a sharp frontier surface 
between the lower poorly conducting layers of the atmosphere 
and the highly conductive atmosphere above it. This layer 
is supposed to give rise to reflection phenomena in radio trans- 
mission at night, and is supposed also to be a seat of the cause 
of alteration in the earth's magnetism. This height has also 




Figure 16 — Location of Centers of Stray Origin 



been estimated to have the value stated from observations on 
the incandescence of meteors and also from the aurora borealis. 
On another occasion* I showed that phenomena in the night 
propagation of radio waves not only sustained this calculation 
but I showed also, from the "silent belts" in radio transmission 
at night, that the height of the layer was about 200 km. (125 
miles). This value corresponds very well with the values of 
between 225 km. (140 miles) and 540 km. (330 miles) found 
for the height of the layer which produces strays of type 3. 
The excessively largely value of 540 km. (330 miles) can be easily 
explained by remembering, as before stated, that the radius of 
the segment of stray centers is not 1,670 km. (1,000 miles) as 
during the day, but much larger. 

Taking the layer as being at the height of 180 km. (110 miles) 

*In a dissertation for the degree of Doctor of Science, May 18, 1916; and 
in ''Jahrbuch der drahtlosen Telegraphie'* (not yet published). 
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we get for the angle « in the equation above 13.5®, which is 
equivalent to the angle traversed in 54 minutes of time by the 
earth's rotation, so that the radius of strays at night time would 
be 2.5 (or 2) hours minus 54 minutes, that is, between 1 hour 
and 36 minutes and 1 hour and 6 minutes. This corresponds 
to an effective range of night strays of from 2,670 km. (1,640 
miles) to 1,750 km. (1,080 miles), as against 1,670 km. (1,000 
miles) during the day time. 

This is quite possible, as shown in Figure 15, since the average 
loudness of strays at night is about 1.5 times that in the day 
time, so that there can be no objection to taking both the day- 
and night-stray-originating layers as existent and identical. 

A further reason for these conclusions is the fact that the 
daily variation in strays, as given in Figure 14, is quite similar 
in character to the curves of variation of the earth's magnetism 
as I saw them published in the '^Wireless World'' (or **Marconi- 
graph") some time ago, which latter variations are attributed 
to eddy currents in the Heaviside layer. By supposing this 
layer to be the ''secondary" source of strays of type 3, we obtain 
a sufficient explanation for the daily changes in the strays, these 
variations being analogous to those of the earth's magnetism. 
On the other hand, the gradually altering form of the daily 
characteristic, as it changes in accordance with the symbols 
given, from ^ thru -r> to v-o, is easily explained if we regard 
the cosmic bombardment as occurring chiefly in the plane of 
the earth's orbit. It was found that the type of stray correspond- 
ing to the symbol v/^ occurred whenever the angle between the 
sun's declination circle and the latitude circle of the station 
under consideration did not differ more than 10°. Similarly, 
the type -r> occurred for a difference in this angle of 10° to 20°; 
and when the difference exceeded 20°, the symbol was w. It 
is for this reason that strays in Europe are nearly constant over 
the entire day (strays from lightning sometimes excepted). 
In the case of the ^ characteristic, the distance to the strong 
centers of cosmic bombardment is very large, and the strays are 
therefore weak. This is why strays of type 3 are so heavy in 
the tropics and so weak in Europe. At the poles wq assume 
that they would be almost not noticeable. It remains to 
determine, however, in what way disturbances in the Heaviside 
layer produced strays in the antenna. This is not a difficult 
matter to explain, and the explanation will at the same time 
clear up the difference between the day and night strays of 
type 3. 
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The Heaviside layer is a conductor, as also is the earth. 
Between these two conductors, we have a layer between 180 km. 
(110 miles) and 250 km. (120 miles) thick, which is a non- 
homogeneous dielectric. This dielectric is fairly perfect during 
the night, as is indicated by the goodness of night communica- 
tion; but it is rather an imperfect dielectric during the day, 
the conductivity changing with the height above the earth. 
This complex dielectric forms a large condenser almost free from 
losses during the day but rather imperfect at night. The 
cosmic bombardment by charged particles on the upper layer 
will be detectable thruout the dielectric; and this to a greater 
degree during the night than during the day. On the other 
hand, in the latter case, part of the effect is lost because of the 
imperfect character of the dielectric, and hence the diflference 
between day and night conditions. 

It must be remembered that the antenna is electrically con- 
nected to the earth (either conductively or capacitively), and 
that it will therefore be disturbed by all changes in the field 
or potential gradient of this condenser. Such changei? depend 
upon the charge of the cosmic particles, or on other causes of 
excitation of the upper layer, as well as on the original charge 
of the condenser. This latter charge is the reason for the influence 
of the seasons on the strays, which point was not mentioned 
heretofor. It has already been stated that the light of the 
sun (and consequently the time of the year) -influenced markedly 
the daily characteristic as expressed by the symbols w, -r>, v/^. 

In Figure 17, there are given the month by month character- 
istics for each of the three stations over a whole year, these 
being obtained from the average values at noon, over every 
month. 

The times when the sun^s altitude is 90° for the place under 
consideration are also given. We see that these occur twice a 
year for every station. Tho the symbol for every station is 
then v-o, we see, on the other hand that the points of maximum 
strays do not come at the same time but that there is a lag of as 
much as 1.5 months between 90° sun altitude and maximum 
strays. 

We see that the maximum strays follow the monsoon or 
trade wind seasons of the year much more closely, the maxima 
always occurring at the time just between the west monsoon and 
the ''intermediate period'*; whereas the minimum always occurs 
during the east monsoon and close to the end of this season 
when it is passing into the intermediate period. The signs 
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s^, -/^, v/^, correspond to the general aspect of the daily variation 
curve as taken from Figure 14 for the months to which they are 
assigned in Figure 17. In fact, the Director of the Meteorological 
Institute of Batavia assured me that the maxima of strays found 
by my observations correspond to the maximum increase in 
potential of the earth's field. Consequently, we have here located 
that original charge of the earth condenser which is the reason 
why, even tho disturbances of the upper layer do not alter with 
the sun's altitude, changes in the strength of their fields and 
consequently changes in strength of the strays produced must 
be dependent on the season. 

In concluding this paper, I may state that inasmuch as 
type 3 strays do not originate in lightning, their maxima do not 
coincide with those of thunder storms either near the stations 
or distant from them. 

In Figure 17, thunder storms and very heavy strays of the 
thunder storm type, were indicated by the symbols ? and f , 
the length of the vertical line giving the duration of the outburst 
of strays on a certain scale. 

We see that for all three stations, the periods of thunder 
storm, ?, were preceded by heavy strays, f, of type 1. These 
strays did not occur simultaneously at the three stations, which 
is the best proof that their range is short. For the station at 
Keopang (Oiba), it might be stated that strays of both classes 
occur almost simultaneously, tho the thunder storm, ?, occurred 
most nearly at the middle of the west monsoon period, where the 
type 3 strays have no maximum whatever. 

For the Landangan (Siteobondo) station, the difference just 
mentioned is still more striking, and of the same type. For 
the Ambon (Noesaniv^) station, it is even more evident that 
there is no connection between the two classes of strays. It is 
obvious that both are to be considered separately, and com- 
pensated for in different ways. 

Other atmospheric conditions were shown not to have any 
influence on the strength of strays. Of course, thunder clouds 
coincided with strays of type 1 and low-lying rain clouds with 
type 2. In spite of the common belief, rainfall in itself has no 
influence on strays, at least so far as types 1 and 3 are concerned. 
This is clear from the curves for Ambon, in Figure 16, where 
are shown the strays and at the same time, the dotted rainfall 
curve. 
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SUMMARY: Following a general discussion of radio vs. submarine cable 
telegraphy, the work of the Radio Division of the Dutch East Indian Service 
is described. 

A chain of stations installed for this Service are considered; their location, 
equipment, and operation being described in considerable detail. The 
failure of the original contractor to furnish stations covering the requisite 
distances (which would have required six to ei^t times the actual available 
power) is critically considered. 

The choice of station location and certain details; e. g., precautions 
against earthquakes, are then treated. 

A description of the origin and nature of strays and their classification 
is given; together with a number of methods for their elimination. In this 
connection, the Ecdes' theory of a tropical thunder storm origin of all strays 
is disproven. There are described, in addition, some special methods of 
reducing strays, methods intended especially, however, for the elimination 
of undesired, powerful, and interfering signals. 

Strays fall into three classes, the origin, character, and mode of elimination 
of which are as follows: 

Tjrpe 1: Strays originating in nearby thunder storms, of short range, 
of periodic electriod character, audible as sudden and loud widely separated 
clicks, and eliminated by radio or audio frequency compensation circuits. 

Tjrpe 2: Strays associated with low-lying rain clouds, of very short range, 
of intermittent uni-directional electric character, audible as a constant hissing 
sound, and eliminated by the Dieckmann electrostatic shielding cage. 

Tjrpe 3: The most common or night strays, originating in cosmic bom- 
bardment of the Heaviside layer, of audible range of several himdred miles 
(with the receivers lued), audible as a continuous rattling noise, and eliminated 
by the Dieckmann cage. 

The daily and seasonal variation of strays is considered in great detail, 
and a number of interesting condusions are drawn. 
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DISCUSSION 

Roy A. Weagant: 1. Dr. de Groot's paper has certainly bfeen 
of very great interest, yet there are many points contained in it 
which I am unable to accept. It seems to me fundamentally 
impossible that the shielding cage which he has used can work 
for the very simple reason that if you surround an antenna with 
a conducting structure of any kind, regardless of whether it is 
aperiodic or has a period of its own, it will have currents set up 
in it when acted upon by electromagnetic waves. Constructed 
as indicated by Dr. de Groot, this cage would have an extremely 
strong electromagnetic and electrostatic coupling to the antenna, 
consequently any currents set up in the shielding structure will 
induce currents in the antenna itself and I see no possibility of 
avoiding this result. 

I might say in addition that my personal experience with 
arrangements of this kind have not produced any useful results. 

The use of the balanced crystal or single crystal having 
current applied in the direction the opposite to the direction of 
rectification has some advantages. This has been quite fully 
developed by Mr. Roimd of the Marconi Company but its 
action is to limit the maximum response and thus save the 
operator from the disturbing effects of the loud crashes. 

Dr. de Groot's scheme of using reverse potential on the 
crystal is really equivalent to selecting a crystal of the particular 
necessary characteristic and using the battery potential in the 
ordinary direction. This arrangement, however, can in no sense 
be considered a stray preventer. 

Dr. de Groot also shows an arrangement of two antennas 
having the currents developed in the audio frequency circuit 
opposed. I am entirely unable to credit this arrangement with 
any successful results as I have tried it many times and, further- 
more, a complete analysis of the actions involved, which is too 
lengthy for this discussion, does not indicate even theoretical 
possibilities. I do not quite see how insertion of a resistance 
in one of the antenna circuits referred to can be expected to 
secure the results stated since we know perfectly well that its 
eflfect would be to reduce both the stray and the signal in pro- 
portion, therefore when the audio frequency circuit attached to 
this antenna is opposed to the audio frequency circuit attached 
to the other antenna, the available energy from the stray will 
be of the same reduced order as the energy from the signal. 

Dr. de Groot has stated that, when in the use of this arrange- 
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ment the opposition took place in radio frequency circuits, 
accurate phase adjustment was necessary, but was not necessary 
when the audio frequency circuits were opposed to it. It seems 
to me obvious that in either sort of circuit where opposition 
effects are desired, correct phase adjustments are essential. The 
employment of circuits tuned to the group frequency of the 
incoming signal, as suggested in this paper, is an obvious fallacy 
to anyone who has made use of them. Such a tuned audio 
frequency circuit simply responds when struck by a stray impulse 
in its own period in the same way that a tuning fork vibrates 
from the blow of a hammer with the result that ^'musical" strays 
are produced. This is very much more disturbing and diflBcult 
to read thru than the response ordinarily heard from strays 
since it has the same note as the signal itself. Dr. de Groot's 
theory as to the source of that particular sort of strays which 
we have all recognized as being the most diflBcult to overcome 
is interesting but I am unable to reconcile it with the daily and 
seasonal variations in stray intensity which are commonly 
observed. It might, of course, be one of several contributary 
causes, but hardly the sole cause. 

Another point which the paper makes is that these strays 
do not occur simultaneously at two or more stations of the 
author's system. This is rather a curious observation because 
of its disagreement with observations in this part of the world 
which have indicated to a considerable extent at least the 
simultaneous occurrence of stray discharges at widely separated 
points. For instance, it has been quite common to note that the 
same word or letter which was lost by a station in the British 
Isles from a transmitting station on the American continent was 
also lost at another station on this continent. There is, how- 
ever, suflBcient information available to indicate that in all 
probability both sorts of conditions obtain, the actual condition 
varying much with the location of the stations. 

Alfred N. Goldsmith: The Dieckmann cage, as used by 
Dr. de Groot, is obviously a device of great utility in the elimina- 
tion of strays. A further explanation of its action, supplementing 
that of the paper, is not amiss. 

1. It is first necessary to consider the elementary action of 
the Faraday cage. It will be at once recalled that Faraday 
demonstrated conclusively that the electric field inside a closed 
conducting surface was absolutely zero. The experiment was 
the following. A cube of wood covered with tin foil, and about 
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6 feet (2 m.) on a side was built and mounted on insulators. 
The observer got inside the cube with the most delicate gold- 
leaf electroscope available. The tin foil was then connected 
to one terminal of a static machine, and charged until huge 
sparks brushed off all the edges and corners of the cube. Never- 
theless, the electroscope did not indicate the faintest trace of 
any separation of the leaves, and evidently the cube acted as a 
complete shield for all electric forces proceeding from charges on its 
surface. The arrangement is shown in Figure 1. 




Figure 1 — Faraday Shield 



It is clear, therefore, that if such a cube surrounded an 
antenna the antenna would be entirely protected from all charges 
on the surface of the cube; and if this surface of the cube were 
grounded, charges passing over the surface of the ground or 
local distortions of the earth's electric field could not possibly 
affect the antenna electrostatically. 

On the other hand, using this brutally simple shield, the 
antenna would be altogether too eflBciently protected, inasmuch 
as it is well known that the electromagnetic waves of the incoming 
signals would be prevented from reaching the antenna by a 
solid metal sheet. So far, then, but little progress has been 
made; and we are forced to seek further expedients. 

2. I quote now from Hertz's classic work on ''Electric 
Waves" in connection with .the polarisation of short electro- 
magnetic waves. 

'Trom the mode in which our ray was produced we can have 
no doubt whatever that it (the radiated wave) consists of trans- 
verse vibrations and is plane-polarised in the optical sense." 
(The wave was produced by an ordinary linear Hertzian oscillator 
or doublet, the length of which lay on the focal line of a cylindrical 
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metal mirror.) '*We can also prove by experiment that this is 
the case. If the receiving mirror be rotated about the ray as 
axis until its focal line, and therefore the secondary conductor 
also, lies in a horizontal plane, the secondary sparks become 
more and more feeble, and when the two focal lines are at right 
angles, no sparks whatever are obtained even if the mirrors are 
moved close up to each other. The two mirrors behave like the 
polariser and analyser of a polarisation apparatus. 

**I next had made an octagonal frame, 2 meters (6 feet) high 
and 2 meters broad; across this were stretched copper wires 
1 mm. (0.04 inch) thick, the wires being parallel to each other 
and 3 cm. (1.2 inch) apart. If the two mirrors were now set 
up with their focal lines parallel, and the wire screen were inter- 
posed perpendicularly to the ray and so that the direction of the 
wires was perpendicular to the direction of the focal lines, the 
screen practically did not interfere at all with the secondary 
sparks (that is, with the passage thru it and subsequent reception 
of energy). But if the screen were set up in such a way that its 
wires were parallel to the focal lines, it stopped the ray com- 
pletely ... 

*'. . . When the primary oscillator is in a vertical position 
the oscillations of the electric forces undoubtedly take place in 
the vertical plane thru the ray, and are absent in the horizontal 
plane . . .'* 

That is, Hertz demonstrates conclusively that a number of 
parallel wires (with separation considerably smaller than the 
wave length) entirely stop the passage of electromagnetic 
(plane polarised) waves whenever the wires are parallel to the 
electric force in the wave front, but do not impede the passage 
of the waves at all when the wires stretch perpendicular to the electric 
force in the wave front. 

3. Coming now to Figure 2, it will immediately suggest 
itself to the skilled radio engineer that it is possible to effect an 
operative combination of the Faraday shield against changing 
electrostatic fields or movement of external charges with a 
Hertzian screen permitting the passage of electromagnetic waves. 
The combination is the elementary Dieckmann cage referred to, 
and is given in Figure 2 if we regard the faces as made up of 
horizontal wires connected together in such a way that they are 
all at ground potential and if these wires are also perpendicular 
to the electric force in the front of the advancing signal wave. 
This screen will therefore act as a perfect shield against charges 
or field alterations outside, since even if these charges are on its 
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own surface they can have no effect within. On the other hand, 
if the advancing electric field has the distinctive feature of a 
true electromagnetic wave, it can pass thru into the cage. This 
will be the case, since if X is the direction of transmission of the 
signal wave, E, the electric force will be vertically up or down. 



-> 



Figure 2 — Hertzian Cage 



To summarise, then, such a combined Faraday shield and 
Hertzian transmitting screen will permit the passage of advancing 
signal waves (or other true electromagnetic waves) while absolutely 
shielding the interior from potential variations arising from moving 
charges in the vicinity of the cage or variations in the field of 
the earth, 

4. An objection would, however, be at once advanced 
against the elementary Dieckmann cage shown in Figure 2. 
The vertical edge wires, AB, CD, etc., which keep the entire 
sides at ground potential are parallel to the antenna within, 
and they would most certainly absorb a dangerously large 
portion of the incoming wave energy, being, in fact, themselves 
grounded antennas. This objection is satisfactorily met by 
Dieckmann thru the use of the arrangement shown in Figure 3. 
This is a side view of a shielded vertical antenna, the horizontal 
lines (with the short jumps in them) being representative of 
squares of wire around the antenna A and in a horizontal plane. 
These squares are kept at ground potential by means of the 
resistances R and the conductor S. These resistances in ques- 
tion keep the conductor S from periodicity, and the incoming 
waves can set up in it only feeble oscillations and consequently 
there will be but slight energy absorption therein. How feeble 
this absorption is will appear further in this discussion in con- 
nection with another aspect of the problem. We may say, then, 
that even the grounding edge wires can be arranged, by insertion 
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of more than the critical resistance^ so that they will absorb practi- 
cally none of the incoming energy. 

6. One further possible objection to this system of shielding 
remains to be considered. Suppose that from some cause (which 
is so extreme as to be absurd and will never be encountered in 
practice) a variation was produced in the earth's field around the 
cage at radio frequency, say at >l = 1,700 meters or a; = 10* 




Figure 3 — Dieckmann Shield. Side View 

Suppose further that it corresponded to a potential difference 
between the top and the bottom of the grounding wires of 1 volt. 
Imagine further that the grounding wire resistance was 2,000 
ohms and that of the antenna 10 ohms. We shall assume an 
antenna height of 30 meters (100 feet) and an average distance 
between the cage wires and the antenna of 30 cm. (1 foot). 
These strays will not affect the antenna directly, since their 
electrostatic field will merely cause currents to flow up and 
down the grounding wire without producing any electrostatic 
field variation within the cage, as indicated under (1) above. 

We have taken the constants for this case as severely pre- 
judicial to successful operation as could possibly be expected by 
bringing the grounding wire very near to the antenna itself. 
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We might expect, therefore, that the currents flowing up and 
down the grounding wire would magnetically induce similar 
currents in the antenna, thus permitting the excitation of the 
antenna by such variation of the earth's field. 

A simple calculation will show, however, that the effect is 
negligible, even in this impossibly extreme case. 

The mutual inductance between the two wires is 25 fth. 
If the 1 volt were applied to the antenna directly, since the 
antenna is resonant to the incoming frequency, we would have 
a current of 0.1 ampere flowing therein. In the grounding wire, 
also supposed resonant (tho aperiodically damped), there will 
actually flow 0.0005 ampere. This will induce in the neighboring 
antenna a current 

M I0i\ rkt\e\^e\e 

It = — ^— =0.00125 ampere. 
R 

In other words, there is induced in the antenna approximately 
one one-hundredth the current and one ten-thousandth the 
energy which would be present were the antenna unshielded. 
Needless to say, in actual practice, this shielding effect would 
be vastly enhanced and the protection of the antenna by a 
Dieckmann cage of reasonably large dimensions would be 
practically perfect. 

6. It remains then to explain the previous failure of experi- 
menters in the radio field to eliminate strays. A brief considera- 
tion of Figure 4 and of Dr. de Groot's classification of strays 
clears up the question, as stated in the paper. Figure 4 shows 
the complete receiving system designed to eliminate strays. 
The two antennas Ai and A2 are each protected by a Dieckmann 
cage from strays of types 2 and 3, that is, those due to overhead 
rain clouds and cosmic bombardment of the Heaviside layer. 
Both these types of strays produce not periodic electromagnetic 
waves but extremely powerful increases in the potential gradient 
of the earth's field, but these are intermittent and unidirectional. 
As explained under (3) above, these disturbances will not reach 
the antennas. However, the strays of type 1, which are periodic 
electromagnetic waves originating in lightning storms, will pass 
thru. These will reach the antennas, but by means of the audio 
frequency compensation indicated, these periodic impulses can 
be balanced out leaving the signal still present. 

It is important to remember that an essential feature of the 
system is to ground aperiodically all nearby conductors. Other- 
wise these will be set into vibration by variations in the earth's 
field and will radiate electromagnetic waves which will be of 



127 



Digitized by 



Google 



small damping and will get to the receiving antennas. The 
neglect of this precaution by all previous experimenters im- 
mediately renders criticism of this method by them on the basis 
of their experiments quite valueless since neighboring ungrounded 
or periodically grounded conductors would quite upset the 
proper operation of the system. 




Figure 4 — Complete de Groot Stray Eliminator, 1914 



7. One further question should be considered. This is, why 
does one not use the audio frequency compensation method for 
all three types of strays instead of only for the periodic dis- 
turbances? 

Light is thrown on this question by Figure 5. In the left 
hand side of the Figure, top curve, is shown an hypothetical 
sharp impulse lasting, say, 0.000,001 second (1 fts.). Its effect 
in the antenna A^, which is aperiodic will last but little longer. 
On the other hand, its effect in the antenna Ai will last for some- 
thing like 150 MS. if the antenna Ai is tuned to ^ = 1,000 m. 
and has a decrement of 5 = 0.1. The magnetomotive force in 
the core of the differential transformer Tr will follow the curve 
labelled Ai — A^ and will last 150 fts. It will therefore be re- 
sponsible for a sharp click in the telephone receivers. No audio 
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frequency compensation is therefore to be expected. If, how- 
ever, the stray is of ;i= 10,000 m. and of d= 1.0 (and large 
energy), it will last for approximately 180 fia. Its effect in the 
antenna Az will last approximately as long. Its effect in antenna 
Ai will be not markedly different from that in A^, and the dif- 
ferential magnetomotive force curve will be as indicated in 
A I — A2. 




Figure 5 — Envelope of Rectified Current 



It will be noticed that the second magnetomotive force curve 
diflfers from the first in two respects: viz., that the maximum 
value is much less, and that the time rate of change thereof is 
much less. Consequently the resulting induced e.m.f. in the 
telephone circuit or secondary of the differential transformer will 
be extremely small in the second case as compared with that in 
the first. 

It is probably some such considerations as these which have 
led Dr. de Groot to adopt audio frequency compensation only 
for reasonably periodic strays such as originate in lightning 
storms, and to eliminate sharp aperiodic strays by the shielding 
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method. It is indeed fortunate that the latter type of strays 
have been found by experiment to be of the sort shown to be 
eliminable under heading (3) above. 

Roy A. Weagant: Referring to the Faraday cage which 
Dr. Goldsmith has shown and which he states will be extremely 
effective in keeping both strays and the signal out of the antenna, 
I would state that obviously this cage is a simple vertical antenna 
and when acted upon by electromagnetic waves due either to 
strays or signal would have oscillatory currents flowing up and 
down it. This structure would have strong electromagnetic 
coupling with the antenna inside it and currents would of neces- 
sity set up in the antenna, so that both signal and stray would 
affect it. 

4. Replying to Dr. Goldsmith again, I do not think it would 
make any difference whether this cage were aperiodic due to the 
insertion of high resistance or were capable of oscillating freely. 
If currents flow in it they will induce oscillating currents in the 
antenna itself. 

5. Another point which apparently has not been covered in 
the papers which Dr. Goldsmith has referred to is the absorption 
of energy by the cage from the oscillating energy in the antenna. 
Assuming that the antenna has oscillating currents flowing in it, 
by reason of its coupling to the cage, energy would be extracted 
by the cage and probably to a very large extent. 

6. There is another point which I would like to bring up 
and which none of the various explanations offered cover and 
which does not sefem to be taken account of in the suggested 
methods of eliminating strays, viz., the very great increase of 
stray intensity as the wave length to which the receiving antenna 
is tuned is increased. I should be greatly pleased if anyone 
present could offer any explanation of this fact. 

7. Is there any information indicating whether or not there 
is any peak in that effect. 

8. The last statement of Dr. Goldsmith checks up with my 
own experience. There is a point in connection with Mr. 
Armstrong's reference to the heterodyne receiving method which 
I should like to amplify a little. Mr. Armstrong was a little 
modest in the way in which he stated the case. The heterodyne 
alone is not of any particular value in working thru strays. The 
really valuable thing is that method of using the heterodyne 
system which is embodied in Mr. Armstrong's invention of the 
regenerative circuits for the oscillating valve. The character- 
ise . 
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istic of a vacuum valve when in the oscillating condition is such 
that its response to strong impulses is greatly reduced while its 
ability to amplify weak impulses is greatly increased. The 
result of this is that a valve in the oscillating condition may not 
give any louder response to a stray impulse than an ordinary 
crystal, while its response to a weak signal may be hundreds or 
even thousands of times greater. 

Alexander £. Reoch: (by letter) : I am not in the position to 
make any comment on Dr. de Groot's theory of the origin of 
strays, but the work he has done in determining the actual nature 
of the strays as received at the radio station is undoubtedly 
valuable. 

As far as my information goes, the best method available for 
the elimination up to the present time is that recently patented 
by G. M. Wright of London, England, wherein the three-element 
valve is used with limited current-carrying capacity between 
the filament and the plate. The effect is that strays are reduced 
to the same strength as the signals. The balanced detector 
system also reduces the strength of strays to the strength of the 
signals, but in this case by opposing the audio frequency currents, 
whereas in the new arrangement the currents retain the radio 
frequency form, and can be further manipulated for increase of 
strength or reduction of damping so as to allow of further selec- 
tion of signals from strays. 

In the method suggested by Dr. de Groot for the elimination 
of periodic or Type 1 strays several diflBculties arise. If the 
antennas are to be efficient as receivers, the distance between 
them will have to be very considerable or they will interact on 
one another, and the design of two antennas of the same size 
and wave length with different receptive properties as regards 
signals and both equally receptive to strays is by no means a 
simple matter. Assuming that in Figure 4, antenna 2 receives 
no energy from the signals (in which case there will be no opposing 
audio frequency current), half the energy which would ordinarily 
be available for the operation of the telephone from detector 1 
will pass by means of the audio frequency transformer thru 
detector 2. This is a loss that has previously been encountered 
in efforts carried out along these lines to eliminate strays. It is 
quite serious, and unless special means are devised to prevent it, 
forms an objection of no small importance to this method. 

The use of the Dieckmann cage seems to offer good promise, 
involving, however, some constructional difficulties. 
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The whole subject is one of extreme interest, and the dif- 
ficulties encountered are by no means small. There seems to be 
little doubt that the nature of the strays will vary in different 
latitudes and with different climates. Whether their classifica- 
tion into Dr. de Groot's groups is possible at all parts of the 
world remains to be proved; and it seems more than likely that 
each locality will have its own peculiar type of strays requiring 
special treatment in each case. 

^Valte^ S. Lemmon: As regards the production of strays of 
the third class, by cosmic bombardment, would not the Heaviside 
layer shield the earth from such a disturbance, inasmuch as the 
Heaviside layer is a conducting surface completely surrounding 
the earth? 

Alfred N. Goldsmith: We may assume that the actual burn- 
ing up of the meteorites and the consequent production of strays 
takes place only when the meteor reaches denser (and therefore 
less conducting) layers of air than those in the Heaviside layer. 
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ADDITIONAL EXPERIMENTS WITH IMPULSE 
EXCITATION *t 

By 

Ellery W. Stone 

(Assistant Radio Inspector, United States Department op Commerce) 

In the June, 1916 issue of the Proceedings, the writer pub- 
lished a paper dealing with the design and operation of an im- 
pulse excitation transmitter. It is the purpose of this paper 
to set forth the results of some further experiments with this 
type of apparatus. . 

In the original paper, a hydrogen atmosphere gap of the modi- 
fied Eastham-Peukert type, worked at considerably above 
atmospheric pressure, was described; and the various effects 
of gap speed, gap surface, and tone and antenna circuit absorp- 
tion were set forth. In this paper, as in the last one, the term 
''impulse excitation" will be used to designate that form of shock 
excitation in which the antenna circuit is set into oscillation 
by a blow delivered from a rush of current in an adjacent aperi- 
odic, or practically aperiodic, circuit as distinguished from the 
*'beat" excitation of those quenched gap transmitters which 
make use of several current oscillations in the gap circuit before 
the antenna circuit is excited to free oscillation. 

The writer has found it of assistance in the contemplation 
of impulse excitation to consider shock excitation in general to 
be divided into two regions of action, the one — impulse excitation, 
the other — ''beat" excitation, using the definitions of these two 
terms given in the preceding paragraph. A transmitter which 
ordinarily might come in the one class, may, by the mere alter- 
ation of its spark gap, be placed in the other. That is to say, 
a gap circuit of high capacitance and low inductance, the action 
of which ordinarily places it in the "beat" excitation region, may 
be placed in the impulse region by the employment of one or 
more of a variety of artifices, and the reverse action may take 
place by the omission of the same. 

♦Received by the Editor, September 1, 1916. 

tSee "Proceedings of The Institute of Radio Engineers," volume 
4, number 3, page 233. 
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For instance; in the original paper, it was shown that when 
using the rotary quenched gap, with sectored surfaces, in air, 
impulse excitation could not be obtained. However, by the use 
of alcohol vapor at a pressure above atmospheric, this gap action 
could be brought well within the impulse region. The use of 
smooth gap surfaces brought it still further within this region 
and the use of a tone circuit shunted across the gap acted even 
more favorably. While the omission of any one of these aids 
to rapid damping of the current in the impulse circuit will still 
keep the action of the gap well within the impulse region, the 
use of all of them is desired. 



Hydrogen Field 

With reference to the employment of the hydrogen atmos- 
phere under pressure in the transmitter described in the original 
paper, the criticism has been made that too much time would 
elapse before the proper pressure could be built up, but this 
may be easily answered. In the first place, the use of the alcohol 
vapor is not essential to bring the gap action into the impulse 
region if smooth disks are used in the gap or if the tone circuit 
is used with either set of disks. But even when the sectored disks 
are used without the tone circuit, the pressure is built up within 
the gap just as rapidly "as it is needed. Conductivity of the 
gaseous medium between the electrodes of any gap "is due 
mainly to the ions of the metallic vapor formed by the heating 
of the electrodes."^ So long as the gap electrodes remain cool, 
and hence the surrounding medium, a high resistance, and there- 
fore good quenching, will be maintained. Thus, at the start, 
when the gap is cold, the alcohol vapor under pressure is not 
needed to secure a high resistance. However, as soon as the 
enclosed gases begin to heat, the very heat which ordinarily 
would lower the resistance of the gap causes the increased pressure 
of the alcohol vapor, which raises the resistance. 

That "the one action automatically compensates for the 
other," as stated in the original paper, has been repeatedly dem- 
onstrated. Using the sectored disks, the gap has been operated 
without the hydrogen vapor, causing the initial antenna current 
to drop rapidly 45 per cent, and more. The current drop is 
due to the fact that as the enclosed air heats, impulse excitation 
no longer takes place and the transmitter becomes merely a 

iProm "Wireless Telegraphy," 2ienDeck-Seelig, page 98. 
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''beat'' excitation, quenched spark transmitter, the gap and an- 
tenna circuits of which have widely different time periods. 
Upon admitting alcohol to the spark chamber, vaporization im- 
mediately takes place and sufficient pressure is made to cause 
the antenna current to return instantly to its normal value, 
indicating that impulse excitation is once more taking place. 

Coupling 

The criticism was also made that the coupling between the 
impulse and antenna circuits in the transmitter previously de- 
scribed was not sufficiently close. Figure 6 of the original paper 
is herein reproduced as Figure 1. This illustration shows the 



Figure 1 

inductive coupler. While the coupling between the two wind- 
ings is close when considering the usual coupled circuits, it is in 
reality fairly loose for impulse operation, and the writer is grate- 
ful for this fact being called to his attention. 

There are two methods by which the coupling between two 
circuits may be increased, one — purely mechanical, the other — 
electrical. The first is to increase the proximity of the two wind- 
ings of the inductive coupler, the other is to make, as nearly as 
possible, all of the inductance in each circuit common to both. 
The latter limit would result in maximum coupling, but it is of 
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course impossible to attain. The nearest approximation is to 
combine the usual antenna loading inductance with the antenna 
circuit winding of the inductive coupler, thus bringing all of the 
lumped inductance of the antenna circuit into the field of the 
impulse circuit. In addition, as much of the inductance in the 
impulse circuit as practicable should be designed so as to be 
effective in inducing energy in the antenna circuit winding of 
the coupler. 

A reference to Figure 2, which shows the new coupler, will 
show how these two methods have been utilized. The impulse 
circuit winding of the coupler has been reduced to but one turn, 



Figure 2 Figure 3 

and the condenser capacitance increased. In order to handle 
the momentarily high current amplitude, a special form of 
litzendraht has been made up, which is enclosed in a vulcanite 
tube for protection. The antenna circuit winding is wound 
spiral fashion on an insulating base and is arranged to swing 
directly into the single loop of the impulse circuit inductance. 

Figure 3 shows the antenna circuit winding swung back from 
its normal position in order to show the construction. 

Due to the low potentials generated in the antenna circuit, 
the turns of the antenna circuit winding may be very closely 
spaced, thus securing enough inductance to obviate the neces- 
sity of loading inductance. 
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A plug with two sockets is shown, one for 600 meters, the other 
for 300 meters. The connections are such as to cut in a series 
condenser in the antenna circuit when the plug is inserted in the 
300 meter socket. 

The adoption of the new coupler resulted in a two-fold ad- 
vantage, i. e., increased antenna current together with a lower 
antenna current decrement. 

Figure 4 shows three resonance curves for various wave 
length settings of the antenna circuit with a fixed time period 
of the impulse circuit. Expressing this time period in terms of 
wave length, this was about 700 meters. 

Gap Length 

The effect of gap length is of more than sUght importance in 
the attainment of impulse excitation. Figures 5, 6, 7, 8 and 9 
show resonance curves of the current in the antenna circuit for 
various gap separations, using the smooth disks. It should 
be borne in mind that, because of the construction of this par- 
ticular type of gap, the actual spark length is twice the gap sepa- 
ration. The stationary disk is divided into two parts to which 
the terminals from the secondary of the step-up transformer are 
connected. The spark passes from one stationary electrode to 
the revolving disk and back from the disk to the other sta- 
tionary electrode, thus making the total spark length twice the 
separation distance. 

In each of these resonance curves, the logarithmic decrement 
given is the antenna current decrement; that is to say, the dec- 
rement as computed from the resonance curve minus the dec- 
rement of the measuring instrument. 

From the curves, it will be seen that the best results are 
obtained when the gap length is as short as it is possible to make 
it. In actual practice, the revolving electrode is screwed up 
to the stationary one by means of the bearing shaft, which is 
threaded into the casing of the spark chamber, until the two touch. 
The bearing is then turned backward just enough to separate 
them from contact. 

This is illustrative of one advantage of the revolving impulse 
discharger over the stationary one. To preserve such an ex- 
ceedingly short distance with a stationary gap is somewhat diffi- 
cult. The theory of the plane surface, short gap is that by pro- 
viding large parallel surfaces, ** wandering'^ of the spark may 
be effected, since as fast as the electrode is pitted, thus increasing 
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the gap length, the spark moves to a new and cooler position. 
This may work quite satisfactorily in ordinary quenched gap 
operation where the current amplitude in the gap circuit is not 
extremely high, but with impulse excitation atid the consequent 
momentarily high current value encountered, bi^rs are very 
often formed on the gap surface. This prevents spark "wander^- 
ing,'' and the action being cumulative, the gap soon becomes 
short-circuited. 

With a revolving discharger, on the other hand, such eflfective 
* 'wandering" of the spark is obtained as to eliminate the forma- 
tion of burrs and extremely low gap lengths may be employed 
without danger of fusion. 

However, the use of a revolving discharger with a separation 
of the order of 0.004 inches (0.01 centimeter) necessarily entails 
extremely accurate lathe work. Roller bearings at each end of 
the bearing shaft and a system of facing up all surfaces have 
made the realization of such a short gap possible. 

As set forth in the original paper, one of the chief requisites 
for high damping of the current in the impulse circuit is that the 
gap must rapidly regain its initial high resistance. That is to 
say, de-ionization of the gases between the gap electrodes must 
be effected as speedily as possible. 

Zenneck discusses the various factors tending to bring about 
the de-ionization of spark gaps,^ and concludes that such de- 
ionization is caused chiefly by the electric field between the gap 
surfaces and by absorption of the ions by the electrodes. It will 
be seen that the shorter the gap length, the more intense the 
electric field, and the more opportunities for absorption of ions 
by the gap disks. 

The fact that a very short gap insures more rapid damping 
of the current in the impulse circuit than a longer one explains 
why better results were obtained with smooth instead of sectored 
gap disks as set forth in the original paper. The sectored gap, 
having projecting surfaces as in any rotary gap, causes the spark 
discharge to be drawn out, or the electrodes separated, as the 
projections pass each other, which is equivalent to using a gap 
of wider separation. 

In taking the data for the curves in Figures 5, 6, 7, 8, and 9, 
the tone circuit was omitted for fear of puncturing the paper 
condenser in that circuit, due to raising the potential across the 
gap by the abnormal separation of the disks. 

Figiure 10 shows a curve of antenna current for the various 



• "Wireless Telegraphy," Zenneck-Seelig, page 97, et seq. 
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gap separations used in the preceding curves. It will be noted 
that while this current curve is a rising one with increased gap 
separation, the resonance curves in Figures 5, 6, 7, 8 and 9 suc- 
cessively decrease in amplitude. This is an excellent demonstra- 
tion of the unreliability of aerial ammeter readings in damped 
wave transmission, at least, so far as the determination of effec- 
tive energy for signalling purposes is concerned. Contrary to 



ncmie 



the action of the current indicating device in a decremeter, the 
aerial ammeter indicates the average integral effect of a large 
number of oscillations instead of the current amplitude at the 
oscillation frequency of the antenna circuit. Other things being 
equal, the higher the decrement of the antenna current, the 
greater the aerial ammeter reading — hardly a reliable method 
of measurement.' 

Tone Circuit 

Figure 11 shows the schematic diagram of connections, the 
tone circuit being shunted across the impulse discharger. The 
condenser in the tone circuit is a paper one with fairly high 

*Cf. Discussion by J. Zenneck, "Proceedings of The Institute or 
Radio Engineers/' volume 4, number 4, page 337. 
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capacitance. With this particular transmitter, signals are louder 
when received on crystal or audion (non-oscillating) detector 
when the tone circuit is used. However, because of the irregular 
impulse frequency and possible train interference in the antenna 
circuit, the note is not musical, altho possessing definite pitch. 
Mr. Eldridge Buckingham has found from experimentation with 
a Cutting and Washington gap on alternating current that, 
when using the tone circuit, the purest notes are obtained when 
the frequency of the tone circuit is some multiple of the supply 
frequency, or the group impulse frequency. This is in confirm- 
ation of one of the experiments described in the original paper 
in which the action of the tone circuit was noted when shunted 
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Figure 11 



across the sectored gap. "Certain speeds of the gap were found 

which tended to improve the tones greatly 

(These critical gap speeds were probably those which placed the 
impulse group frequency in resonance with the oscillation fre- 
quency, or a multiple thereof, of the tone circuit.)" 

The use of a higher supply frequency would not tend greatly 
to improve the situation since it would not insure any more regu- 
larity of the impulse discharges. However, with a tone circuit 
adjusted to the same audio frequency as that of the supply 
current, say 500 cycles, favorable results should be obtained. 
Such an arrangement might seem unnecessary if it were not for 
the fact that the addition of the tone circuit secures greater tele- 
phonic response, altho with no actual increase of received energy, 
at the receiving end. 

This is because, when omitting the tone circuit, the great 
number of partial discharges or impulses and their irregular 
spacing ''tend to weaken rather than strengthen the effect upon 
the telephone diafram, as it may often not have time to return 
to its position of equilibrium and in any case is forced into ex- 
tremely complex movements."* This is evidenced by the very 

* "Wireless Telegraphy," Zenneck-Seelig, page 198. 
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definite click lieard in the receivers when the transmitter key is 
depressed and again when it is released. 

This same lack of auditory response with crystal detector 
is encountered in arc operation. Here, the frequency is so high 
as to prevent the diafram from vibrating in its normal fashion, 
and it is simply pulled over toward the magnets and held there 
until the current flow ceases. 

With the alternating current impulse excitation transmitter, 
the addition of the tone circuit, by the superimposition of its 
regular, audio frequency oscillations on the hissing impulse note, 
secures a more pronounced auditory effect. 

The use of a sectored gap, properly milled, connected syn- 
chronously to the shaft of a 500 cycle generator, and with the 
voltage so adjusted as to give but one impulse per half cycle, 
has been suggested. This would undoubtedly produce a clear 
note without the use of a tone circuit. Whether the energy 
transfer between the impulse and antenna circuits would be as 
eflScient with such a low impulse frequency might be questioned. 

SUMMARY: After drawing a definite distinction between "impulse exdta- 
tion" and "beat excitation," the writer considers broadly the conditions 
under which eadi of these is brought about. 

In connection with a t3rpe of impulse excitation transmitter, there are 
considered the effect of a hydrogen atmosphere in the gap, the construction 
of the necessarily dosely inductive coupler between spark gap circuit and an- 
tenna circuit, the effect of gap separation and "wandering" of the spark, and 
the effect of the tone circuit shunted around the gap. 
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A STUDY OF HETERODYNE AMPLIFICATION BY THE 
ELECTRON RELAY* 

By 

Edwin H. Armstrong 

(Trowbridoe Fellow. Hartley Research Laboratory, Department 
OP Electro-Mechanics, Columbia University.) 

Part I 

The purpose of this paper is to present the results of an 
experimental investigation of the heterodyne phenomena which 
occur in the oscillating state of the regenerative electron relay. 
The questions to be determined were first, the magnitude of the 
amplification produced by the presence of the local or auxiliary 
current, and second, the nature of this amplification and the 
factors which limit its extent. 

In self-heterodyne circuits of the regenerative type there 
are, as the names indicate, two methods of amplification, and 
these occur simultaneously in the same circuit, each one operating 
in its own particular way and practically independently of 
the presence of the other to produce a total amplification pro- 
portional to the product of the two. On account of the rather 
involved nature of the various phenomena, the problem of 
separating the total amplification into its component parts by 
direct measurement is not simple and an indirect method is the 
easiest way out of the diflSculty. In the light of our present 
knowledge concerning self-heterodyne circuits, there is no reason 
to believe that the magnitude of the heterodyne amplification 
obtained in these circuits should in any way differ from that 
obtained in an ordinary circuit with an external heterodyne. 
Hence by measuring the amplification produced in a simple 
audion circuit and then by measuring the total amplification 
produced when the same tube is provided with a regenerative 
circuit and used as a self-heterodyne, a general idea of the 
actual and relative magnifications of the two methods may 
be obtained. 

This method of measurement was therefore adopted and the 

♦ Presented before The Institute of Radio Engineers, New York, Octo- 
ber 4, 1916. 
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arrangement of apparatus was made according to the diagram 
of Figure 1. Referring now to this diagram, M represents the 
antenna circuit and N the closed circuit of an electron relay 
receiver which may be made regenerative by the opening of the 
switch S. The electron relay, which was of the audion type, 
was used as the detector and a condenser Ci was included in the 
grid circuit in the ordinary way. On account of the high vacuum 
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Figure 1 



of the tube an auxiliary leak was required and a high resistance R 
was used between the grid and the negative terminal of the 
filament. The two systems X and Y represent the sources of 
signaling and local currents respectively. Each system consists 
of an oscillating electron relay arranged to excite a second relay, 
the input side of which was connected across a resistance located 
in the plate circuit of the oscillator. Energy is supplied to the 
receiver from the plate circuit of the second tube which acts 
purely as a repeater. This arrangement was adopted in order 
to prevent the amplification of the signaling current in circuit N 
by the regenerative action of the circuits of system Y which 
would occur with a direct coupling between the two. By using 
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a one way repeater with the input side connected across a 
resistance in the plate circuit of the oscillator, this danger is 
avoided. The same arrangement was adopted in system X to 
prevent the relatively strong local current reacting in any way 
on the source of the signaling current. The relative amplitudes 
of the signaling and local radio frequency currents in the closed 
circuit were measured by means of a silicon rectifier Di and a 
galvanometer d. The combination was connected across a 
small inductance L one end of which was grounded. A shunt 
resistance Ri across the galvanometer was used to vary its 
sensitiveness and a series resistance Ri was used to compensate 
for changes in the total resistance due to adjustment of the shunt. 
The telephone current was measured in the manner described 
by Dr. Louis Austin* in a recent publication. A telephone 
transformer T separates the variable components of the plate 
current from its continuous component and a silicon rectifier 
Dt and a galvanometer 0% located in the secondary' are therefore 
responsive only to changes in the plate current. To separate 
the audio from the radio frequencies, condensers C4 and C^ of 
0.01 /*f. each were connected across both the primary of the 
transformer and across the rectifier and as an additional precau- 
tion one end of the secondary of the transformer was grounded. 

Both the silicon rectifier used for the measurement of the radio 
frequency and the silicon-arsenic rectifier which was used for the 
measurement of the audio frequency follow the square law in 
the lower part of their characteristics; that is, the rectified 
current is proportional to the square of the alternating current. 
The reading of the galvanometer Gi is therefore proportional to 
the square of the radio frequency current in the circuit N, 
The reading of the galvanometer Gi is proportional to the square 
of the audio frequency component of current in the plate circuit. 
The alternating current energy available for producing sound is 
likewise proportional to the square of the current and the reading 
of the galvanometer G^ may therefore be taken as a direct 
measure of telephone signal strength. 

In determining the amplification due to the heterodyne 
method a difficulty is encountered in continuous wave reception 
due to the fact that when the local current is not present there 
is no audible signal in the telephones. In order to obtain a 
tone a chopper must be used in some part of the receiving sys- 
tem. In the present investigation a chopper of the revolving 
commutator type was used in the antenna circuit and the square 

* In the "Proceedings of the Washington Academy of Sciences.^* 
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of the variable component of the telephone current taken as a 
standard of reference on which to base the relative strength of 
signal produced by the heterodyne. 

The first series of measurements were for the purpose of 
comparing the signal strength obtained with a chopper and that 
given by the heterodyne when the local current was equal in 
amplitude to the signaling current. For convenience we may 
refer to this case as the ''equal heterodyne," i. e., ''equal other 
force.'' The conditions under which the comparison was made 
were the following: The signaling frequency was set at about 
40,000 cycles and the frequency of the local current adjusted 
to a given beat tone approximately equal to the maximum 
frequency of interruption produced by the chopper. This was 
about 600 cycles per second. After a rough adjustment of the 
tuning and coupling of circuits M and N, the grid condenser 
C2 and the auxiliary leak R were adjusted to give maximum 
response in the telephone. The values of capacity and resistance 
which gave this result were 0.0001 Mf. and 2 megohms re- 
spectively. The time constant of the discharge of the grid con- 
denser thru the leak is therefore about 0.0002 seconds. After 
this adjustment was completed, the local current was cut off 
and circuits M and N carefully adjusted until a maximum of 
current was obtained in circuit N as indicated by the maximum 
deflection of galvanometer (?i. These adjustments were held 
constant thruout all measurements in which the external heter- 
odyne was used. The comparison was made over a wide range 
of signal strength and it was found that the equal heterodyne 
gave a signal which was from four to ten times as loud as that 
given by the chopper, the greatest advantage being on the 
weaker signals. The four fold amplification usually attributed 
to the equal heterodjme with respect to the chopper is fully 
realized but the ten-fold amplification was rather unexpected. 
The explanation is, however, a simple one, and will appear in 
the second part of the paper. 

The second series of measurements were for the purpose of 
comparing the signal strength of the equal heterodyne and that 
obtained when the local current is increased to its critical value. 
This case may be referred to as the "optimum heterodyne." 
The results of these measurements are illustrated by the curve 
of Figure 2 which shows the relation between the amplification 
produced by the optimum heterodyne with respect to the equal 
heterodyne and the amplitude of the radio frequency signaling 
current. It is evident that the magnification varies over a very 
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wide range and depends on some inverse power of the signaling 
current. On the strongest signals the response for the best 
adjustment of local current was only about one and a half times 
as great as that of the equal current; whereas, on the weakest 
signal, the response was increased fifty-five times and the shape 
of the curve indicated that this would be greatly bettered for 
still weaker signals. An amplification of several hundred ap- 
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pears quite probable. With the apparatus on hand, it was 
impossible to measure accurately a signal weaker than that 
on which the fifty-five fold amplification was obtained. The 
missing part of the curve presents an interesting field for further 
investigation with more sensitive measuring instruments. An 
idea of the strength of signal may be gathered from the fact 
that a shimted telephone test gave an audibility of about one 
hundred for the weakest signal on the curve. This measurement 
was made for the equal heterodyne and it is important to note 
that the method employed was to insert a second pair of tele- 
phones in series with the shunted pair and to take the square of 
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the expression -^—= — - as the audibility. The justification of 

ft 
this procedure will be found in a contribution of L. Israel* 
which fully covers the present case. 

The next series of measurements were for the purpose of 
determining the relation between the maximum signal strength 
obtainable with a simple electron relay with separate heterodyne 
and the signal obtainable when the same relay is supplied with a 
regenerative circuit and operated as a self-heterodyne. A large 
number of comparisons were made on a frequency of about 
40,000 cycles. The results were extremely irregular due to the 
very critical nature of the adjustment of the self-heterodyne circuit 
but there was found to be an average amplification of about 
fifty times with respect to the signals produced by the external 
heterodyne. The delicacy of the adjustment may be gathered 
from the fact that even tho the tuning condenser of circuit AT 
was provided with a handle a foot in length the slightest touch 
would frequently produce a change of 100 per cent, in the 
deflection of the galvanometer G2. In addition to the arrange- 
ment of Figure 1, other forms of regenerative circuits were used, 
including the magnetic coupling and the particular form of 
static coupling illustrated in Figure 3 which has been termed in 
some quarters the "ultraudion connection.*' In spite of the 
claims by the patentee that it cannot be a regenerative circuit, 
and his explanation of the method of operation (which, by the 
way, involves perpetual motion),* this arrangement regenerates 
very effectively with a good bulb, and gives an amplification 
about fifty times greater than the simple connection with external 
heterodyne. 

In summing up the total ampUfication obtained in the 
regenerative oscillating relay as compared to the signal obtained 
with the same relay in a simple circuit with a chopper, we find, 
taking average values, a multiplication of about five times by 
the equal heterodyne; a further magnification of at least twenty 
times by the optimum heterodyne, and lastly a fifty fold magni- 
fication by the operation of the regenerative circuit making a 
total of approximately 5,000. This figure has been checked by 
direct measurement and on weak signals even greater amplifica- 
tions have been obtained. 



♦"Proceedings op The Institute op Radio Engineers,'* volume 3, 
1915, page 183. It should be noted, however, that as a high vacuum tube 
was used, changes in the resistance of the plate potential by adjustment of 
the shunt will not affect its sensitiveness. The sole object of the extra pair 
of telephones was to maintain constant the impedance of the plate circuit for 
the audio frequency current. 
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Figure 3 



Part II. 



The Nature op the Heterodyne Phenomena 

Several writers have treated the heterodyne phenomena 
mathematically,* but on account of various difficulties which 
arise, none of the treatments have been rigorous. When the 
special case of the current rectifier type has been considered it 
has been largely on a basis of physical reasoning. Without 
entering into details of the operations employed in getting at 
results, we may consider the conclusions arrived at by the 
various writers. They may be divided into two general classes, 
one of which supports the view that the amplification which 
may be obtained is, theoretically, unlimited, the practical limit 
being determined by the disturbances produced in the receiving 
system by the local frequency and the current carrying capacity 
of the detector. The second theory, which is that due to 

* Proceedings or The Institute or Radio Engineers," volume 4, 1916, 
paffe 266. Discussion on paper by Dr. L. W. Austin entitled "Experiments 
at U. S. Naval Radio Station, Darien," de Forest states "the circuit cannot 
be regenerative," and that the manner of operation is such that "a sudden 
change of potential impressed on the plate produces in turn a change in 
the potential impressed on the grid of such a character as to produce, in 
its turn, an opposite change of value of potential on the plate, etc. Thus 
the to-and-fro action is reciprocal and self-sustaining, etc." And all this 
self-sustaining to-and-fro action between grid and plate goes on (according to 
de Forest) without any energy being supplied to the system! 
Also Hogan, "Proc. I. R. E./July, 1913. 

Cohen, "Proc. 1. R. E.," July, 1913; June, 1915. 

Liebowitz. "Proc. I. R. E.." June, 1915. 

Latour, "Elect. World," April 24, 1915. 
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Liebowitz, states that the maximum true amplification due to 
the heterodyne is four; that this is obtained when the local 
current is equal in amplitude to the signaling current, and that 
any further increase in response which may be obtained by an 
increase in the local current is due to an improvement in the 
efficiency of the receiving apparatus and is governed by the 
usual limit in such cases, namely 100 per cent. 



Figure 4 

From an experimental standpoint, the key to the true nature 
of the phenomena would appear to lie in what may be termed 
the ''heterodyne characteristic"; that is, the relation between 
telephone signal strength and the ratio of local to signaling 
current. A number of these characteristics for various values 
of signaling current were therefore obtained and the results are 
shown graphically in Figure 4. The ordinates of these curves 
represent the available energy in the telephones for producing 
a tone and the abscissa are in terms of the ratio of local to 
signaling current. It will be observed for all four values of signal- 
ing current that an increase in the ratio of the local to the signal- 
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ing current beyond the one-to-one point produces a very rapid 
increase in telephone signal strength which continues up to a 
certain maximum value. The maximum is maintained for a 
limited range and then the curves fall oflf and gradually approach 
zero value. This is the typical heterodyne characteristic for 
the current rectifier and the explanation of the phenomena 
attending the rise and fall' of these curves should definitely 
determine the nature of the amplification. 

The rapid rise in the curve as the local current is increased 
beyond the one-to-one point will be found in the shape of the 
rectifying or valve characteristic of the relay. In relays of the 
audion type, this characteristic is the relation between the gird 
voltage with respect to the filament and the grid-to-filament 
current. The curve of Figure 5 shows this relation for the relay 
which was used in obtaining the curves of Figure 4. The grid 



Figure 5 

current is the actual conduction current flowing between grid 
and filament, and it is on the amplitude of this current that the 
value of the cumulative charge in the grid condenser depends. 
The curve may be divided into two parts, the upper section of 
which is practically a straight line and the lower section of which 



153 



Digitized by 



Google - 



is curved in such a manner that the ordinate is proportional, 
approximately, to the square of the abscissa. On account of 
this curvature, a difference exists between the conditions of 
operation of the equal and optimum heterodyne. A graphical 
representation of these conditions is given by Figure 6. In 
case (A), which shows the equal heterodyne a local voltage of 
amplitude V is continuously applied and maintains a continuous 



Figure 6 



negative charge on the grid of some potential T, The value of 
the steady charging current is proportional to P. When the 
signaling voltage v is superposed, we get, for the additive state 
a total voltage of (V+v) and the charging current becomes 
proportional to OQ. For the opposing state the voltage (V — v) 
is equal to zero and the charging current is consequently equal 
to zero. The total variation of the grid condenser charging cur- 
rent, and hence the variation in the average value in the average 
value of the grid potential, is between Q and zero. The condi- 
tions of the optimum heterodyne are those illustrated by (B). 
A local E. M. F. of amplitude F' many times greater than the 
signaling voltage v continuously maintains the average value 
of the grid potential at some negative value T\ The steady 
value of charging current corresponding to F' is proportional 
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to O' P'. When the signaling E. M. F. is superposed for the 
voltage (V^+v) the charging current is given by O'Q' and for 
(F'— r) by O' R\ The total variation in charging current is 
therefore proportional to (O'Q'-O'R') or to R'Q' which is 
obviously very much greater than the variation OQ in the 
charging current for the equal heterodyne. 

It must be here stated that the foregoing analysis must not 
be taken too literally as to quantitative results. Tendencies 
only are represented and these are limited by certain factors 
which will now be taken into account. The most obvious limit 
to an ever-increasing amplification by increase of the local 
current even if the valve characteristic followed the square 
law thruout is the counter E. M. F. of the grid condenser. 
The variation of the average value of the potential difference 
across this condenser can clearly never exceed the variation in 
amplitude of the beat voltage across the tuning condenser to 
which the relay is connected. When the efficiency of rectifica- 
tion is poor, as it is on the lower part of the characteristic, the 
counter E. M. F. of the grid condenser is negligible in comparison 
with the resistance reaction of the value. As the efficiency of 
rectification is improved by means of the local frequency, the 
back E. M. F. of the condenser becomes the dominating reaction 
of the circuit and definitely limits the variation of the charging 
current. The phenomena are almost identical with the action 
of the electrostatic telephone and coincides exactly with the theory 
of Liebowitz. In the case of the electrostatic telephone, the 
increase in the efficiency as the local current is increased produces 
a greater amplitude of vibration of the diafram. This in turn 
produces an increase in the counter E. M. F. of the telephone 
which reduces the amplitude of the signaling current and con- 
sequently the variation in amplitude of the beat current. In the 
vacuum valve, the same increase in efficiency is obtained until 
the resulting increase in the counter E. M. F. of the part of the 
apparatus on which the work is being done (in this case, the grid 
condenser), definitely limits further amplification. 

The fall of the curves of Figure 4 are apparently due to the 
overloading of the tube by the local current. The steady value 
of the grid condenser charge maintained by the local current 
gradually cuts down the plate current as the ratio of local to 
signaling current increases. This interferes with the relay action 
of the tube; and finally, when the plate current is reduced to 
zero, renders it entirely inoperative. This form of overloading 
may be compensated for in the manner shown in Figure 7 by 
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means of an auxiliary battery in the grid circuit which makes it 
possible to maintain the plate current at its normal value. 
The effect of this auxiliary voltage in compensating for the grid 
charge is shown by the two curves of Figure 8. Curve A was 
taken with the arrangement of Figure 7 while curve B was taken 
in the same manner as the curves of Figure 4. The curves are 
self explanatory in this respect. It will be noted, however, 




Figure 7 



that curve A, even when the effect of overloading of grid conden- 
ser is removed, eventually shows a tendency to fall oflf. This 
is undoubtedly due to another form of overloading, caused by 
the radio frequency variations of the grid potential overrunning 
the straight part of the grid potential-plate current characteristic 
and thereby interfering y, ith the audio frequency repeating action. 
It is difficult to determine from the heterodyne characteristics 
of Figure 4 whether the peaks of the curves indicate a maximum 
of efficiency of rectification or the beginning of the overloading 
of the tube. The shape of the curves indicate the latter especially 
on the stronger signals, but it is in any case immaterial whether 
the limitation of apparatus or method predominates in present- 
day practice. It is entirely clear that outside of the four-fold 
amplification of the equal heterodyne, any further amplification 
by increase in the local current is purely a question of improve- 
ment in efficiency. 

One of the remarkable features of the curves of Figure 4 is 
the very rapid increase in the telephone signal strength for a 
relatively small change in the local current. In the case of 
curve A, the change from the equal heterodyne to the two-to- 
one ratio gave a response in the telephones four times as great 
as for the one-to-one ratio. The reason for this will be found 
in the energy relations in the tube with respect to the radio 
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frequency current. The rectifying characteristic shows that the 
charging current of the grid condenser and hence the grid 
potential is proportional to the square of the radio frequency 
current. The useful telephone current is proportional to the 
change in potential of the grid and hence to the square of the 
radio frequency current. The energy in the telephones available 



Figure 8 



c 



of the radio frequency cuiTent. In the case of the equal heter-^ 
odyne, the variation in amplitude, assuming unity value jbi 
signaling current, is between 2 and 0, and for the 2:1 ratio itvfs 
between 3 and 1. The relative telephone currents are therefore 
proportional to 2^ and (S^ — P) or to 4 and 8. The relative 
telephone signals are according to the square of these values or 
in the ratio of 1:4. This corresponds almost exactly with the 
experimental result. 

The shape of the valve characteristic also explains the interest- 
ing fact discovered by Dr. Austin,* that the plate current is 
proportional to the second power of the radio frequency current 
in the non-oscillating state but to the first power in the oscillating 
state. In the non-oscillating state, the rectification takes place 

• "Bulletin Bureau of Standards," 11, 77, Reprint 226, 1914. 
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on the lower part of the curve where the square law holds (with 
reference to zero current). In the oscillating state the operation 
takes place on an upper part of the curve which, for small 
changes of potential is practically a straight line. 

It is evident from this that a regenerative receiver in the^ 
oscillating state delivers to the telephones an amount of energy 
which is proportional to the energy of the radio frequency 
current in the antenna. The relative amplitude of stray to 
signaling current in the telephones is therefore independent of 
the size of the antenna, and barring physiological effects and the 
possibility of overloading the tube, the readableness of signals 
should also be independent of antenna size. In ordinary practice 
this seems to be the case. 

In the non-oscillating state the first power proportionality 
between antenna and telephone energies is maintained only for 
strong signals. For weak signals or even moderately strong 
signals the telephone current is proportional to the square of 
the antenna current. This means that in the working range 
the telephone energy will fall off very rapidly with a decrease in 
antenna energy with the result that the smaller the antenna 
the greater the ratio of the intensities of strays to signals in the 
telephones. Hence it follows that the larger the antenna the 
more readable the signals. 

The relative effect of antenna size on readability of signals is 
well illustrated by experiences in the reception of the con- 
tinuous waves of Nauen and Eilvese and the damped waves of 
Glace Bay at stations in the vicinity of New York. It is a well 
known fact that on a small antenna the German stations give 
more readable signals thru strays than the Glace Bay station. 
On a large antenna the conditions are reversed and the Glace 
Bay signals are by far the best. 

In conclusion, the writer wishes to state that this paper does 
not pretend to be in any way an exhaustive treatment of the 
heterodyne phenomena. Only the outstanding features have 
been considered, but it is believed that it has been established 
from an experimental and physical basis that there is a ver>' 
definite limit to the amplification which can be produced by the 
heterodyne action. The analysis of the mechanism of the 
amplification occurring in the electron relay receiver supports 
in every respect the conclusions of Liebowitz. 



158 



Digitized by 



Google 



SUMMARY; The amplifying action of the regenerative oscillating electron 
relay is carefully studied. It is found, by separation of the various effects, 
that there exist three distinct types of amplification. The first, or equal 
heterodyne type, occurs when the local oscillating current is equal to the 
signaling current. The second, or optimum heterodyne type, occurs when 
the local oscillating current is increased to the critical value for maximum 
response. The third, or regenerative type, results from the amplifying 
action of the relay and its associated circuits. The roughly approximate 
numerical values of the three types are five-, twenty-, and fifty-fold, making 
a total amplification of five thousand times or more. 

The mechanism of these phenomena is considered in detail with especial 
reference to the limitations of each process. 
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DISCUSSION 

C. J. DeGroot (by letter): Mr. Armstrong's paper has 
made quite clear numerous matters of interest. He has shown 
how many functions the vacuum amplifier may have indepen- 
dently and simultaneously when used as a beat receiving device 
of the internal heterodyne type. He has shown further how 
astonishingly large may be the amplification of signal thus 
produced by these simultaneous functions as compared to plain 
reception with a detector valve or tikker. The separations of 
these different functions and a determination of the amount 
which each contributes toward the total amplification including 
the values which have been checked by direct measurement, 
have indeed been thoroly planned and well executed. 

There is one point for which I would submit an explanation 
of my own for the consideration of the speaker. This is the 
limitation of amplification which is found to occur for strong 
local currents. 

Instead of showing, as did Mr. Armstrong, the filament-to- 
grid characteristic, should we not rather show simultaneously 
two characteristics, namely the following: the filament-to-grid 
characteristic and the filament-to-plate characteristic. Let us 
suppose that the E.M.F. of both the filament heating battery 
and the plate circuit battery to be constant, and give these the 
values Vi and V2 Let us alter only the E.M.F. between the 
filament and the grid and plot the grid and plate currents as 
functions of this applied E.M.F. Then the two characteristics 
have the general shape shown in the Figure. The function of the 
local current is firstly to produce beats (and there is no ad- 
vantage in this regard in going beyond the equal heterodyne), 
and secondly to work at a local current which brings us to the 
most favorable part of the characteristic for amplification. 

If then we take into consideration only curve II of the Figure, 

we reach the conclusion that we should supply the amplifier with 

a local current corresponding to the point a of the curve, since 

di2 
for this part of the curve 5 — is a maximum, and therefore the 

degr 

current change (or ampUfied signal) is greatest for a given change 

in E.M.F. (or incoming signal). 

On the other hand, we see from curve II that working at 

this point implies a certain current ii in the grid-to-filament 

circuit, and this current involves a loss of energy in its passage 

thru the resistance of the circuit. Thus part of the input will 
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be absorbed. Since we desire a maximum amplification we 
must search not only for the condition where the output is a 
maximum (i.e., the condition corresponding to point a) but for 
the condition whereby this large output is attained by the 
smallest possible input and the condition, therefore, for which 
output divided by input is a maximum. Now, since the output 




l^^fte^ 



^^y— f./V 



is a maximum near a and the input a maximum near 6, it follows 
that the maximum amplification will be secured for a point 
somewhere between a and 6, say at c. This condition will be 
reached whenever the tube is so adjusted that it works at what 
has been called the **optimum heterodyne.^' For more powerful 
locally generated oscillations we have to work at those points 
of the characteristic curve which require a considerable ex- 
penditure of input energy in the grid-to-filament circuit, and the 
efficiency of the device (output divided by input) is diminished. 
In consequence, we explain the results shown in Mr. Armstrong's 
curves in Figures 4 and 8 as follows: As we increase the strength 
of the local oscillations past the point of equal heterodyne, we 
cannot improve the beat production but the amplification in- 
creases because the larger local oscillating circuit (when con- 
sidered in conjunction with the tube characteristics) brings us 



to the point a where 



is a maximum. A second reason is 



that 



rf?*2 

dea 



increases to the point a after which it falls again, and 
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there should result a decrease of amplification beyond the 
point a. This decrease is emphasized by the fact (seen from 
curve I) that the larger the local oscillating current, the larger 

dii 

-j — that is, the greater the waste of input energy, (dti)*r, for the 

same incoming signal, rf^^. A third reason for the decrease of 
amplification may be the fact, stated by Mr. Armstrong himself, 
that even working at the most suitable point of the curve (c), 
a strong signal may exceed the limitations of the characteristic 

A i2 d ii 

curve II, thus giving a t — smaller than the 3 — for in- 

Ae^ dcgr 

finitesimal signals at c. 

We should keep in mind that, for reasons of convenience, we 
have used static characteristics (as also did Mr. Armstrong) tho, 
strictly speaking, dynamic characteristics should be used. 

The method of shifting the maximum amplification to points 
of higher local oscillating current as shown in Figure 8 of the 
paper is readily explained by the considerations here given. 
The steady E.M.F. applied in the grid-to-filament circuit, which 
is there reconmiended, displaces curve I horizontally relative to 
curve II, so that the point b of curve I is brought below point a 
of curve II. We can therefore work the system nearer the point 
a which is the point of maximum amplification. In this case the 
amplification should be quite independent of the signal strength 
as long as the signals added to the local current do not run beyond 
the portion cd of the curve II. For stronger signals a decrease 
of amplification will occur because of the general shape of 
curve II. 

Eklwin H. Armstrong (by letter): Dr. de Groot has raised a 
very interesting point concerning the factors which limit the 
amplification obtainable by the optimum heterodyne. It is in 
line with the explanation of Liebowitz when the electrostatic 
telephone is the detecting agency; viz.: that the increase in 
efficiency, of the detecting apparatus as the auxiliary current is 
increased creates a counter E.M.F. or an increase in the ef- 
fective resistance of the circuit to which it is connected. I 
expected to find that this increase in effective resistance of the 
main circuit would be the most predominant factor in limiting 
the amplification obtainable by the optimum heterodyne and 
was exceedingly astonished to find that the effect was a relatively 
unimportant one. 

This was readily determined with the arrangement of Figure 1 
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and the experiment was made in the following way. With con- 
denser Cz short-circuited to eliminate the regenerative fea- 
ture and with a predetermined value of signaling current, 
the equal and optimum heterodyne telephone currents were 
measured. A resistance of 5,000 ohms was then introduced 
into circuit N between the loading coil of the circuit and the 
coupUng coil connecting it with the antenna. The signaling cur- 
rent was restored to its initial value by increasing the power 
of the system X, and the equal and optimum heterodyne currents 
again measured. Little difference was observed in the amplifica- 
tion obtainable with the low resistance circuit, which measured 
about 300 ohms and the high resistance circuit which was ap- 
proximately 5,300 ohms, and this, in itself, is conclusive evidence 
that the effective limitation is not due to an increased resistance 
in the main circuit. Further investigation developed that the 
predominant limiting factors lie along those lines presented in 
the paper. 

The result was so unexpected that some further experiments 
were made with a view of determining, if possible, the reason for 
the absence of the phenomena so clearly brought out by Dr. de 
Groot. While lack of opportunity prevented a complete in- 
vestigation, the reason appears to be in the fact that the relay, 
which was of the same structure as the standard de Forest audion, 
did not fit efiiciently into the circuit to which it was connected. 
The relay contributed only about 15 per cent, of the total ef- 
fective resistance of the circuit, and it was hardly possible to 
improve this very much and still keep the capacity across which 
the relay was connected at a reasonable value. About 0.0004 
microfarad was normally used, which is, perhaps, as low as good 
commercial practice permits. As a consequence of this low 
efiiciency, other factors exert their influence upon the maximum 
amplification before the increase in efficiency of the detector 
produces any noticeable effect. The practical significance of 
this is that the tube used was ill adapted to fit into ordinary com- 
mercial circuits, and that a larger tube could be more efficiently 
used. Aside from the relative magnitude of the effect indicated 
by Dr. de Groot, I am entirely in accord with the points he has 
so clearly presented. 

Carl Ort (by letter): The paper under consideration con- 
stitutes a very thoro investigation of the so-called "heterodyne*' 
receivers, and shows that this system, when used in conjunction 
with a rectifying detector, operates on an entirely different 
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principle from that explained by Messrs. J. L. Hogan, Jr., and 
L. Cohen. Professor Fessenden first used a sustained wave 
oscillator for the purpose of producing beat tones in the receiver. 
As far as the patent literature or other publications indicate, 
he used an electromagnetic receiver; and later, when it was 
shown by Mr. Rieger and myself that the electrostatic receiver 
could be made veiy sensitive by proper construction (see articles 
on condenser receivers in ''Elektrotechische Zeitschrift/* 1909, 
page 655 and ^'Archiv fur Elektrotechnik," 1, 1912 page 192) 
he replaced the electromagnetic receiver by an electrostatic 
one with much success. Mr. Lee and Mr. Hogan later replaced 
the electrostatic receiver by a crystal detector (See the Pro- 
ceedings OF The Institute of Radio Engineers, 1, July, 
1913, and U. S. patent 1,141,717) with the result that much 
higher sensitiveness was obtained than with any previous receiv- 
ing system. Messrs. Hogan and Cohen explained the large 
amplification by assuming that the process amplifies the received 
antenna energ>% and that the crystal detector rectifies merely 
this amplified energ>\ But it was shown by Mr. B. Liebowitz 
that the maximum amplification of this combination should be 4. 
(See the Proceedings of The Institute of Radio Engineers, 
1915, page 185). Mr. Armstrong's experiments have shed new 
light on these phenomena and have indicated that the amplifica- 
tion obtained with a rectifying detector depends on the energy 
of the local oscillations which are applied to the detector, and that 
while the energy received is not magnified at all, the sensitiveness 
of the detector is increased. This increase is independent of 
the frequency of oscillation of the local source. 

It may be of interest to describe some experiments which 
I began in December, 1912, in a small town in Austria. At the 
time I was cariying on radiophone experiments, using a small 
Poulsen arc as a transmitting source. One day it happened 
that I received not only the speech from my arc station but 
also the noon time signals of the German Post Office station at 
Xorddeich. This latter station was distant from my home 
about 380 miles (600 km.), the entire distance being over moun- 
tainous land. Two things struck me at once. To begin with, 
I was impressed by the great distance over which I was receiving 
with my small antenna, this being only about 30 feet (9 m.) 
high and about 90 feet (27 m.) long. Furthermore, I noticed 
that the tone of the signals received with a crystal detector was 
no longer musical but resembled that obtained when a tikker 
was used. (The Xorddeich station sends out noon signals 

164 



Digitized by 



Google 



with a 10 K. W. Telefunken quenched spark transmitter, with 
a 1,000 cycle note). Later I investigated the latter phenomenon, 
applying sustained oscillations directly to the detector, and 
found that the amplification was due to the increase of sensitive- 
ness of the detector. Every integrating (rectifying) detector 
showed this characteristic. I found that the amplification could 
be obtained with any frequency not audible to the human ear. 
The hmit of amplification was determined by the maximum 
impressed voltage of sustained radio frequency at which the 
detector burned out. I was able to obtain amplifications of 
alx)ut 20-fold. In order to explain this effect, I applied the 
polarisation theory given for the condenser receiver (as cited 
above), stating that the amplification was proportional to 
(ii+U)^ = ii-+2iii2+i2^ where ii is the received current and 1*2 
the local current produced in the detector circuit by the local 
source of sustained oscillations. I called this phenomenon the 
^'polarisation of integrating detectors^* because every detector 
with a rectifying characteristic can be polarised in this way by 
applying a polarisation radio frequency sustained voltage at its 
terminals. For this reason the latter term may be applied to this 
method in place of the "equal and optimum heterodyne'* designa- 
tion used by Mr. Armstrong. From the very beginning of my 
experiments I considered the production of beats by this method 
when used for receiving sustained oscillations as a natural con- 
sequence. However, it is not at all necessary to produce beats for 
receiving sustained oscillations when this method is used with 
equal frequencies and an Einthoven thread galvanometer is used 
as an indicating instrument. The same amplifying eflfect is then 
obtained, and I do not see any reason why it should be called a 
"heterodyne*' method in this case. The same amplifying effect 
can be used at equal frequency for radio telephony. 

It is unnecessary for me to explain the great advantages of 
the "polarised integrating method" because they are very well 
known to the readers of the Proceedings of The Insti- 
tute OF Radio Engineers. The purpose of this communi- 
cation is merely to indicate my part in the development of 
this method. Mr. Armstrong's paper and Mr. Liebowitz's 
conclusions verify the conclusions which I drew from my 
observations four years ago, but could not publish for patent 
reasons and because of war conditions abroad. 

Edwin H. Armstrong (by letter): As Mr. Ort points out, 
the function of the auxiliar>^ circuit, when carried beyond the 
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"equality of current^' stage, is a polarizing one, and in the present 
case the phenomenon referred to as the optimum heterodyne is 
that of a polarised integrating detector. The terms ''equal and 
optimum heterodyne'' were used purely for purposes of con- 
venience of reference, and if more suitable terms be suggested, 
we should, of course, employ them. In view of Mr. Ort's pro- 
posals, I would suggest that the matter be taken under considera- 
tion by the Committee on Standardization of The Institute 
OF Radio Engineers. 

Lee de Forest (by letter): I doubt if the simplicity of Mr. 
Armstrong's explanations of audion phenomena is satisfying to 
those who have extensively experimented with the audion. 

For example, readers of his previous paper on the audion 
might well be satisfied with his theory of the rectification pheno- 
mena which obviously must there occur — until there transpires 
the simple experiment of making all three audion electrodes 
incandescent! The fact that the audion action is thereby un- 
affected, while the Edison hot-to-cold rectification is made 
impossible is yet to be explained by the advocates of the Fleming 
valve theory. 

Similarly, in criticism of the too simple explanations advanced 
in the present paper, an easy experiment with the incandescent 
grid shows that the ultraudion amplifying processes are unaf- 
fected. And it is well known that with the proper audion and 
"wing-and-grid" oscillating circuits, a grid-charging or **C" 
battery is unnecessary to obtain a maximum efficiency detector 
of sustained oscillations. 

These are experimental facts and not theory, and Mr. 
Armstrong must search more deeply before the ultimate explana- 
tion of audion phenomena is revealed. 

This writer has sophistically misinterpreted my discussion 
on Dr. Austin's recent paper (Proceedings of The Institute 
OF Radio Engineers, volume 4, number 3, page 266). There is 
nothing therein contained to lead any one to suppose that I am 
an advocate of the unconstitutionality of the law of the con- 
servation of energy. 

Eklwin H. Armstrong (by letter): In reference to Dr. de 
Forest's discussion, I feel that he must have failed in some way 
to understand the present paper because his discussion clearly 
seems to apply not to the present paper but to some of the more 
faundamental and elementary matters which were published by 
me several years ago. However, in view of the part which the 
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fundamental theory played in the Fleming valve litigation of 
recent date, I take the present opportunity of laying before 
the membership of the Institute the details of what has been to 
me a most interesting controversy. 

During the course of the litigation in question (Marconi vs. 
de Forest), plaintiffs introduced as evidence showing infringe- 
ment an article on the operation of the audion which I published 
in the '^Electrical World" of December 12, 1914. This article 
showed clearly, with oscillographic proof, the manner of the 
filament-to-grid valve action as well as other methods of use 
for producing rectification. A most determined effort was made 
by the de Forest experts and counsel to invalidate the theory. 
About fifty pages of testimony were introduced showing ex- 
periments designed to prove that when signals were received, the 
charge on the grid became positive and hence that any theory of 
rectification based on the grid becoming negative was incorrect. 
It was stated that these experiments had been repeated and con- 
firmed by the United States Bureau of Standards. 

The manner in which these tests had been made was briefly 
as follows. A voltmeter consisting of a sensitive galvanometer 
in series with a resistance of the order of a megohm was con- 
nected between the grid and filament of an audion which was 
arranged in the usual way with a tuned circuit and stopping 
condenser. Coupled with this tuned circuit was a second tuned 
circuit driven by a buzzer exciter. It was stated by the de 
Forest experts that when the circuits were excited and radio 
frequencies applied to the grid the deflection of the voltmeter 
showed a positive charge on the grid. I repeated these experi- 
ments with buzzer excitation and under certain conditions found 
that the voltmeter would indicate a positive charge on the grid, 
but that when the receiver was connected to an antenna and 
outside signals were received, the grid invariably became negative. 
Investigation showed immediately that a rather curious effect 
produced on the tube by the high voltage across the break of the 
buzzer was responsible for the apparent indication of a positive 
charge. I was able to testify in court to these interesting facts 
with the result that counsel for the de Forest Company were 
forced to withdraw all fifty pages of testimony and admit on the 
record that the grid became negatively charged. After this collapse 
of the positively charged grid theory, the defense built up 
another based on a "sensitive medium" ionized to an ^'optimum 
value" and constructed an audion with an incandescent grid to 
prove that rectification was not essential to the operation of the 

167 



Digitized by 



Google 



device as a detector. The manner of operation of this device 
will appear from the oscillograms of Figures 11 and 12 of the 
"Electrical World" article from which it will be obvious that the 
rectifying action of the tube will continue irrespective of the 
temperature of the grid. 

In upholding the validity of the Fleming patent and finding 
that the use of the audion as a detector was an infringement 
thereof, the Court stated that the "Electrical World" article 
might be considered as read into his opinion. In view of this 
fact and in view of the fact that the theory has withstood intact 
the test of publication and discussion in the Proceedings, the 
controversy must now be considered as settled, and I must refuse 
to enter into any further discussion of these elementary matters. 
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PROCEEDINGS OF THE SECTIONS OF THE 
INSTITUTE 

WASHINGTON SECTION 

A meeting of the Washington Section of The Institute of 
Radio Engineers was held at the Commercial Club in Wash- 
ington on the evening of Saturday, March 7, 1917. The dinner 
was in honor of the accession of Brigadier-General George 0. 
Squier, Chairman of the Washington Section, to the office of 
Chief Signal Officer of the U. S. Army. The meeting was 
largely attended. Congratulatory telegrams to General Squier 
were received from President Pupin of the Institute and Professor 
Goldsmith. 

BOSTON SECTION 

A meeting of the Boston Section of the Institute was held at 
the Cruft High Tension Laboratory, Harvard University, on 
the evening of Thursday, January 18, 1917. Mr. H. B. Lawther 
presented a paper entitled "Resistance and Capacity of Con- 
densers at Frequencies from 30 to 10,000,000 Cycles per Second." 
This was followed by a description, from Dr. E. L. Chaffee, of 
an absolute method of calibrating wave meters. The description 
was accompanied by an experimental demonstration. 

On the evening of Wednesday, February 21, 1917, a meeting 
of the Boston Section was held at the Cruft High Tension 
Laborator3^ Dr. David L. Webster presented a paper on 
"X-Rays and Crystal Structure." 

SEATTLE SECTION 

A meeting of the Seattle Section of the Institute was held at 
Denny Hall, University of Washington, Seattle on the evening 
of January 6, 1917, Chairman Robert H. Marriott presiding. 
A paper on 'The Measurement of Radio Telegraphic Signals 
with the Oscillating Audion*' by Dr. Louis W. Austin was 
presented. The attendance was sixteen. 

On the evening of February 9, 1917, a meeting of the Seattle 
Section was held at the Y. M. C. A. in Seattle, Mr. R. H. Marriott 
presiding. The attendance was eighteen. Certain national 
radio matters and the financial affairs of the Section were dis- 
cussed. 
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SAN FRANCISCO SECTION 

A meeting of the San Francisco Section of the Institute was 
held at the Engineers' Club in San Francisco on the evening 
of January 16, 1917, Mr. W. W. Hanscom presiding. The 
attendance was forty-six. A paper by Mr. E. T. Cunningham 
on "Historical Sketch and Some Theories of Vacuum De- 
tectors'' was read, and discussed by Messrs. Roos, Hanscom, 
and Burglimd. A paper on "The Manufacture of Vacuum 
Detectors" was then read by Mr. O. B. Moorhead, and dis- 
cussed by Messrs. Hanscom, Cookson, Cunningham, and Greaves. 
A third paper on "The Characteristic Temperature Curves of 
Vacuum Detectors" was presented by Mr. Haraden Pratt, and 
discussed by Mr. Burglund and others. Previous to the technical 
meeting, a Section Dinner was held in the club rooms, and was 
attended by fourteen. Members of the Engineers' Club and of 
the Telephone Company were invited to the meeting. 

On the evening of February'' 20, 1917, a meeting of the San 
Francisco Section was held at the Engineers' Club, Mr. W. W. 
Hanscom presiding. The attendance was thirty. A paper on 
"Engineering Precautions in Radio Installations" by Mr. 
Robert H. Marriott was presented. It was discussed by Messrs. 
W. W. Hanscom and T. M. Stevens. A formal discussion on the 
paper together with further data was then presented by Mr. 
EUery W. Stone, and this was discussed by Messrs. V. Ford 
Greaves, Secretary of the Section. O. C. Roos, and W. W. 
Hanscom. Thereafter Mr. E. W. Stone was appointed Chairman 
of the Social and Entertainment Committee, and Mr. O. C. Roos 
was appointed a member of thLs committee. 

On the evening of March 20, 1917, a meeting of the San 
Francisco Section was held at the Engineers' Club, Mr. W. W. 
Hanscom presiding. The attendance was forty-two. Mr. L. F. 
Fuller presented an abstract and discussion of Professor P. O. 
Pedersen's paper on "The Poulsen Arc and Its Theory." The 
discussion was carried on by Messrs. Hanscom, Stone, Sprado, 
Roos, and Pratt. This was followed by a discussion of a bill 
then pending relative to radio regulation. A Committee on 
Papers, consisting of Mr. Haraden Pratt was appointed, Mr. 
Pratt to serve with the Executive Committee. The Membership 
Committee was appointed as follows: Mr. H. W. Dickow, 
Chairman, Messrs. H. Berringer, and H. D. Hayes. The Com- 
mittee on Modern Practice was constituted as follows: Mr. 
A. A. Isbell, Chairman, Messrs. T. M. Stevens, and O. B. 
Moorhead. 
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The Institute [of Radio Engineers announces 
with regret the death of 

Mr. 9rattdB 9« IHUUr 

(Experimenter and Radio Operator, of Los 
Angeles, California, and associated with the 
Institute) 



Digitized by 



Google 




Digitized by 



Google 



UNITED STATES RADIO DEVELOPMENT* 

By 

Robert H. Marriott, B.Sc. 

(Past President op the Institute op Radio Engineers, Expert Radio 

Aide, U. S. N.) 

Before taking up the radio development of the United States 
as a whole, some of the more notable instances of Pacific Coast 
development will be cited. The Pacific Coast is particularly 
noteworthy for early construction combined with lasting con- 
struction. 

The first permanent Commercial Public Service radio 
station in the United States, using U. S. built apparatus, 
was constructed at Avalon, Santa Catalina Island, California in 
the spring of 1902. 

At the same time this station became the first permanent 
station in the United States to adopt exclusively the telephone 
method of reception. 

The first permanent radio trans-oceanic service from United 
States soil was established between California, near San Fran- 
cisco, and Honolulu in 1912. Also these were the first stations 
permanently to use the constant amplitude type of transmitters. 

The first Permanent, Commercial, Overland, Public 
Service, Radio Stations using Constant Amplitude trans- 
mitters in the United States were established by the Federal 
Telegraph Company, between San Francisco and Los Angeles in 
1911. 

At an early date the Army constructed stations at Nome 
and St. Michaels, which, from 1904 on, became known for the 
comparative reliability with which they rendered radio service 
between these points. 

We may now take up radio development in the United States 
as a whole. In numerical results given in this paper, only 

* A paper delivered before a joint meeting of the American Institute of 
Electrical Engineers and The Institute of Radio Engineers at the Panama 
Pacific Convention, San Francisco, September 17, 1915. This paper is based 
on Government records as found by the writer, and on the writer s notes and 
recollection. The records and notes are too voluminous to include in a paper 
of this kind; for example, about 3,000 sheets were used to classify and enu- 
merate the radio transmitters. 
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Government stations and stations established for commercial 
purposes have been included because it was found that the 
number of experimental stations, their date of use and the 
apparatus used, was indefinite, extremely complicated, and 
required lengthy explanation. 

Considering Chart 1 marked United States "Wireless" 
Telegraph Development (transmitters) : 

This chart shows the total number of transmitters and the 
total number of each class of transmitters for each year from 
1899 to 1915, together with manufacturers of these transmitters 
and operating organizations. 

Plain Antenna Transmitters (P. A. Class) shown in black 
includes the type of transmitters wherein the antenna was 
connected to one side and the ground to the other side of the 
spark gap of an induction coil. 
Tuned Coupled Circuit Transmitters (C. T. Class) shown 
in heavy diagonal lines, includes, for example, the trans- 
mitters where an antenna in series with an inductance was 
tuned to the same frequency, and inductively coupled to a 
circuit containing a plain spark gap in series with an induct- 
ance and leyden jars. United Wireless Telegraph Company 
transmitters were commonly of this type. 
Impulse Excitation Transmitters (I. E. Class) shown in 
lighter diagonal lines, includes, for example, the quenched 
gap type of apparatus. The Telefunken Company trans- 
mitters were commonly of this type. 
Constant Amplitude Transmitters (C. A. Class) shown in 
white, includes transmitters which produce constant ampli- 
tude alternating current in the antenna. Federal Telegraph 
Company arc transmitters, and radio frequency alternators 
are included under this class. 

With the exception of the number of stations equipped with 
the different classes of transmitters and the names of Com- 
panies, the points in this chart are contained in a general way in 
Chart 2 and its discussion. 

Curve R at the top is intended to indicate the approximate 
maximum distances used for public or government service each 
year from 1899 to 1915 referred to the numerals at the left 
reading from to 4,000 and marked ''Range in Miles." (l 
mile =1.6 km.) 

Curves T, 5, L, F, and G are intended to indicate the 
number of stations each year from 1899 to 1915 referred to the 
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United States Radio Development Chart 2 jOOQIC 

Numerals at the too and bottom of this chart indicate years 



numerals at the left reading from to 1,200 and under the 
heading ''Number of Stations." 

These curves, particularly in latter years, lag somewhat 
because it frequently happened that the existence of stations 
was not recorded or was unknown to the writer until the following 
calendar year. Data for 1915 was brought up to about 
June 1. 

Curve T — Total number of radio stations in the United 
States. (Government and commercial) 

Curve S — Number of commercial ship stations 

Curve L— " '' " land '' 

Curve V — " " Government ship '* 

Curve G— " " " land " 

Under the heading of "Factors'' at the left on chart 2 is a 
list of subjects, numbered on the extreme left. The lighter 
dotted curves extending across the chart in the single narrow 
spaces opposite these subjects are intended to indicate ap- 
proximately the rising, falling, peaks, and depression in the 
history of these subjects or factors. 

1. Coherer. This form of detector was used in the Navy 
stations in 1899. Apparently coherers of English Marconi 
Company and Navy make were used. Owing to its insen- 
sitiveness and uncertainty of action, the coherer was almost 
entirely discarded in the United States by 1903 as, indicated 
by the light dotted line opposite "Coherer" on the Chart. 
Changing from the coherer was one of the greatest steps, 
not only by virtue of increased sensitiveness and reliability, 
but by leading to detectors more capable of utilizing long 
wave trains thereby making it easier to construct more 
powerful transmitters. 

2. Microphone. This is intended to include the class of 
detectors which superseded and took the place of the coherer. 
As a rule, they consisted of a contact between steel and 
carbon, or steel and aluminum; however, the detectors as 
used at Avalon and Whites Point, California, consisted of 
the contact between steel and an oxide of iron (and thus may 
have had more of the qualities of the crystal detectors). 
The microphone was abandoned largely because of its lack 
of stability. 
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The Telephone Receiver 

The arrival of the microphone marks the arrival of the 
lasting telephone method of reception, a revolutionary and 
comparatively large step in radio advancement. 

3. Electrolytic. This detector succeeded, and took the 
place of the microphone. At its best it was very sensitive 
but atmospherics destroyed its extreme sensitiveness and 
the acid used in it damaged other things. A court decision 
tending to give Mr. Fessenden and his associates a patent 
monopoly on this form of detector apparently hastened its 
disapproval and disappearance. 

4. Crystal. This detector succeeded and took the place 
of the electrolytic partly because it was cheaper and more 
stable and partly because the United Wireless Telegraph 
Company, the commercial company having the greatest 
number of stations at that time, controlled the use of the 
carborundum detector. 

Also, the Government became active in the use of silicon and 
perikon (zincite and chalcopyrite). Galena and various com- 
binations with zincite came into use. These crystal detectors 
have been used in greater number than any other since about 
1907. 

5. AuDiON. This form of detector was used to some extent 
as early as 1906, but apparently in very small numbers 
until about 1912 when the amateurs became active in its 
use, and within the last year or more it has been used to 
some extent by the Government. 

The TiKKER detector, not shown in the Chart, was mainly 
used in 1912 and 1913 for receiving constant amplitude waves. 

6. Beat detector. This form of detector consists, in part, 
of a radio frequency, constant amplitude generator supplying 
a radio frequency differing from the frequency of the incom- 
ing, constant amplitude signals by such an amount as will 
produce audible beats. This appeared some time ago, to a 
very limited extent, in what was called the * 'heterodyne," 
wherein an arc produced the local radio frequency. 
Within the last year or more, detectors, of which the audion 

is one type, have been arranged to act as detectors and local 
generators. This comparatively simple form of beat detector 
is taking the place of the tikker and increasing in number with 
the increase in use of constant amplitude transmitters. 
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The pliotron and other detectors and oscillators are increasing 
in numbers with the audion, particularly for beat reception. 

These successive detectors, and the telephone method of 
reception, together with the subsequent improvements in tele- 
phone receivers and tuner circuits, have obviously contributed 
to radio service and to the rise of the range curve /?, shown at 
the top of the chart. 

All of the detector steps were markedly useful in radio 
development, but those recent steps of which the audion and 
pliotron are types (with their three-fold abilities, as detectors, 
generators and amplifiers), stand out as particularly useful. 
And the possibility of tuning to group frequency adds encourage- 
ment to the thought of better selectivity for the future. 

7. The Vibrator Interrupter used first as a means of 
breaking the primary current in the induction coil, because 
of its unreliability, small current carrying capacity, and 
slow operation was abandoned quite early by most United 
States users; the chief exception being the American Marconi 
Company, which brought it back into use in considerable 
quantity in 1912 in connection with the auxiliary 10-inch coil 
supplied by them and indicated under Factor 12. However, 
it has again been condemned and is passing out. 

8. The Mercury Turbine Interrupter replaced the vi- 
brator to some extent. This interrupter was capable of 
giving a much higher interruption rate per second and to 
some extent was more reliable; however, the mercury 
required frequent cleaning and was somewhat expensive and 
injurious. 

At the Avalon and Whites Point, California Stations, in 1902, 
rotating commutators were used. These were more reliable and 
gave higher interruption frequency than the vibrator. 

9. The Electrolytic Interrupter came with the mercury 
turbine interrupter, as a part of German made appara- 
tus, supplied to the U. S. Navy in 1902. It, too, pro- 
duced higher interruption frequency, but varied in action 
and became less satisfactory as its temperature increased 
and the acid used was injurious. 

10. Elarly in 1903, Dr. de Forest brought an alternating current 
generator and transformer to the Navy Department at 
Annapolis. This was the beginning of the marked advance- 
ment in power and reliability at the transmitter. And the 
alternating current has lasted up to the present time. 
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The mercury turbine and electrolytic helped to increase the 
range and service, while the alternating current contributed to 
a greater and more lasting extent. 

11. The Plain Antenna Transmitter was used by the 
United States Navy as early as 1899 at the Atlantic 
Highlands near New York and on vessels. At this time, 
it appeared with the vibrator interrupter and coherer de- 
tector. 

12. The Plain Antenna Transmitter as an auxiliary was 
brought back by the American Marconi Company in 1912. 
The plain antenna transmitter was the characteristic trans- 
mitter of Marconi Companies. 

13. The Tuned Coupled-Circuit Transmitters made by 
the Slaby-Arco Company of Germany were used by the 
United States Navy at Annapolis and on vessels in the 
Fall of 1902. Tuned coupled circuit transmitters later 
became the characteristic transmitters of the de Forest and 
United Wireless Telegraph Companies. 

14. The Impulse Excitation Transmitters made by the 
Telefunken Company of Germany and by Dr. Seibt of 
Germany (then with the de Forest Radio Telephone and 
Telegraph Company) were put in use almost simultaneously 
in 1909. The Telefunken transmitters were used shortly 
thereafter by the Navy and Army. Later the quenched gap 
transmitters became known as the characteristic transmitter 
of the Telefunken Company. 

15. Constant Amplitude Transmitters of the arc type 
were used in commercial radio Service in 1912, and have 
become known as the characteristic transmitters of the 
Federal Telegraph Company. The Goldschmidt alternator 
type came into service at Tuckerton in 1914, and the 
frequency-changing transformer type came into service at 
Sayville in 1915. 

Before 1912, constant amplitude generators were built and 
experimented with in an endeavor to obtain serviceable machines, 
and for calibrating purposes. 

The Radio Telephone has been experimented with in 
varying amount since about 1907, but up to the middle of this 
year it apparently has never been sufficiently marked in its 
usefulness to remain in Government or commercial use. Ap- 
parently the main reasons have been : 1 : inability to construct a 
telephone transmitter (e. g. microphone) which would reliably 
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modulate sufficient energy; and 2: difficulty in obtaining con- 
stant amplitude current at short wave lengths or satisfactory 
spark frequency above audibility. The pliotron and similar 
devices may serve in solving these difficulties. 

The word "radio'' came into marked use in place of "wireless" 
in 1907, and was officially adopted by The Institute of Radio 
Engineers in 1911 and shortly thereafter by the United States 
Government. 

16. Wave Meters of German make were used by the Navy 
Department early in 1903, and stations were adjusted to 
prescribed wave lengths with increasing accuracy up to the 
present. Also, Navy records made about that time or 
shortly after show resonance curves. The wave meter was 
used in the United Wireless Company in 1907 and increased 
in use, until in 1910, practically all the United Wireless 
(the then largest commercial company) stations were adjusted 
by using the wavemeter. 

17. Radio Ammeters came with the German apparatus to 
Annapolis in 1902 and the Navy has used such ammeters 
in increasing numbers since that time. Commercial organiza- 
tions were slower to adopt these however. Within the last 
two years radio ammeters have been used in noticeably 
increasing numbers in commercial stations. 

18. Antenna Voltage increased from time to time up to 
the insulation limits as attempts were made, with different 
transmitters, to increase the power. The point of break- 
down was quickly reached with the plain antenna trans- 
mitters, and this was one of the several objectionable features 
of the plain antenna transmitter. It may be that the insula- 
tion broke down more quickly with this type of transmitter 
because the antenna potential to ground remained high 
(before the spark discharge took place) for a greater length 
of time than where coupled circuits were used. For example, 
assuming that a coupled transmitter produced only alternat- 
ing currents in the antenna and the potential rose from 
zero to a maximum and returned to zero again in one millionth 
of a second, while with the induction coil connected in the 
plain antenna circuit, the potential possibly increased from 
zero to a greater maximum for about one-tenth of a second 

. before the discharge took place, the antenna insulation was 
subjected to higher potential for longer intervals. 

19. Antei^na Size. At first the vertical dimension of the 
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antenna was increased because it was recognized quite early 

that the sending range increased with the height of the antenna. 

Later it was recognized that more power could be put in an 
antenna without breaking down the insulation by adding hori- 
zontal wires to the vertical antenna, and more power meant 
greater range. 

Still later the antenna size was also increased to obtain 
natural periods more nearly equal to the longer transmitting 
wave lengths desired. An exception was the recent (since 1912) 
decrease in horizontal length of some shipboard antenna, to 
bring down the natural period so that the legal requirements 
for 300 meter waves could be met, as prescribed by the Inter- 
national Radio Conference. 

In each step of development of the transmitter the size of 
the antenna was as a rule increased. 

The plain vertical antenna grew from less than 100 feet 
(30 m.) to over 100 feet in height. 

With the tuned coupled circuits at land stations in 1905, the 
height increased to over 200 feet (60 m.), and the horizontal 
dimensions were increased by fanning the wires and by increasing 
the number of masts. On shipboard, wider spreaders and more 
wires were used, increasing the capacity and decreasing the 
resistance. 

With the impulse exitation transmitters, the height on land 
increased to 400 feet (120 m.) or more and the spread became 
greater; for example, in 1912, Sayrille with its antenna, about 
500 feet high and covering an area of about 4,000,000 square 
feet. With the constant amplitude transmitter came still larger 
antennas, for example, Tuckerton in 1914, with its antenna 
850 feet (250 m.) high and covering an area of about 7,000,000 
square feet. 

An increase in height of about 10 to 1 occurred between 
1899 and 1915, and a large increase in area with consequent 
capacity increase of about 25 to 1. 

For future high power stations, right of ways may be obtained 
along roads or waterways and long antenna erected on high 
towers in one or more directions from the transmitter. 

The single vertical wire antenna probably gave rise to the 
term "open circuit" while its use as plain antenna helped to 
stamp radio frequency circuits as "oscillating circuits.*' Ap- 
parently the term "open circuit" is passing with increased 
horizontal dimensions of antenna as also is "oscillating" with 
the advent of constant amplitude transmitters. 
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20. Spark Frequency increased from about 30 to 1,000 
sparks per second during the period from 1899 to 1909. 
At Catalina, in 1902, about 70 sparks per second were used. 
In 1903, the 60 cycle alternating current brought the spark 
frequency to 120 or more per second. By 1905, apparently, 
spark frequencies as high as 500 per second were used. In 
1909, spark frequencies of 1,000 per second and higher 
were used, particularly with quenched gap transmitters. 

21. Decrement. The decrements of the alternating cur- 
rents in the antenna have materially decreased since 1899. 
Apparently, with practically all the steps in radio develop- 
ment tending to produce longer ranges and greater continuity 
of radio service, the effective power radiated increased with, 
and largely because of, the decrease in decrement. Or, probably, 
it may be said that the trend of transmitter development has 
been to increase the power and the size of the antenna and to 
produce single, radio frequency, constant amplitude (zero decre- 
ment) alternating current in the antenna. 

22. Uniform Commercial Apparatus. The era of standardi- 
zation from the standpoint of having apparatus of fixed 
type was between about 1908 and 1912, with the peak 
equipment consisted of a power switchboard, motor generator 
of uniformity in apparatus at about 1910. The uniform 
(delivering 60 cycle A. C. and about 1 K. W.), open core 
transformer, rack with 12 jars, muffled open gap in a helix 
(direct coupled), two coil direct-coupled tuner, carborundum 
receiver, telephones, and flat top antenna (loop connected). » 
This uniformity kept down first cost and maintenance, but 
it prevented material improvement, because improvement 
meant violation of uniformity and consequent raising of 
maintenance cost and because other vessels would want the 
same improvement thus resulting in the scrapping of ap- 
paratus without indication of sufficient compensation. 

23. Stock Jobbing. The exaggeration of radio matters in 
connection with the sale of **wireless" stocks of doubtful or 
practically no value was, as a rule, more or less associated 
with the operating commercial radio companies, from 1900 
to 1911. As early as 1901, one company circulated printed 
matter and letters emphasizing the increase in telephone 
and telegraph stations and the great increase in selling price 
of telephone stocks and implying that the radio telegraph 
and telephone were ready to take the place of wire telegraph 
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and telephone. This company and subsidiary companies 
sold or attempted to sell stock. The same general process 
with amplifications continued to 1911 being promoted by 
several groups of people and under many names. 
This stock jobbing influenced radio development in manj-- 
ways; and whether or not this method was good, bad, or avoid- 
able it certainly was an effective factor. 

To sell stock required the showing of assets and activity. 
Patents and stations were considered as assets and activity. 
A patent was usually cheaper than a station which probably 
accounts for many radio patents. 

Stations which were unprofitable from the standpoint of 
tolls or rental were established and maintained for and by the 
sale of stock. 

Many steamship companies apparently only equipped their 
vessels with radio some years ago because it cost them little or 
nothing. By virtue of stock jobbing, the ocean-going public 
received more radio service and protection some years ago than 
it probably would have otherwise received, and the science and 
art were developed thereby. In the main, the general public 
paid the expenses without return of dividends or principle. 
It will be noted that curve L (land stations) drops at the begin- 
ning of the discontinuance of stock jobbing in 1910 and for 
similar reason the commercial ship stations, curve S changed 
direction in 1912. 

Since 1911, the laws requiring and regulating radio have 
probably been the chief factors in fixing the number of ship and 
shore stations. 

24. Post Office Prosecution. This result of stock job- 
bing reached its most active stage in 1910 and 1911, or 
about ten years after the stock jobbing started. About 
ten men were sent to the penitentiary and two or more were 
fined. These were later-day stock jobbers, the earlier stock 
jobbers had been out of radio long enough to be forgotten 
or to be protected by the statute of limitations before the 
continued and growing complaint from the public became 
effective. While the charges and convictions were specified 
under several counts and certain specific instances were 
brought up for proof, it possibly may be summed up by saying 
these men were punished for getting money from widows and 
poor people by flagrant misrepresentation about radio thru 
the United States mails. 
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25. Stock Sales to 4he public by stock jobbing methods 
were largely stopped in 1910 and 1911 by the Post OflSce 
prosecution; but, oddly enough, probably the greatest sale 
of radio stocks in the United States history occurred in 1912, 
when apparently about $6,000,000 changed hands in the sale 
of Marconi Wireless Telegraph Company of America stocks. 
The Marconi Company had raised its capitalization for 
taking over the United Wireless Company. Marconi stock 
was put on the market following the publicity attached to 
the Post OflSce prosecution and then the Titanic sank, 
further emphasizing radio. The result was old Marconi 
stocks went up in price from about $12 to $360 per share on 
the curb market and the new issue was sold. 
Apparently some of the results of this new sale of stock to 

the public were to produce high power stations for trans-oceanic 
work, increase patent litigation, raise rentals to steamship 
companies, cause steamship companies to own and operate 
radio equipments, with some development of steamship ap- 
paratus by the Marconi Company. 

26. Overland Radio was attempted in competition with the 
wire lines at one time or another in a majority of the 
states of the United States. In many cases the gross receipts 
were not suflScient to pay for the coal used in heating the 
stations. A large percentage of these stations were said 
to have been erected for stock jobbing purposes. 

As a rule the overland stations were unable to handle business 
satisfactorily during the season of sununer atmospheric dis- 
turbances, and the stations interfered with each other. In 
addition to this, they were competing with minor portions of 
two or three long established wire lines that were equipped to 
render service to nearly any point in the United States and to 
a great many points thruout the world, and the public was in 
the habit of using the wire lines. The result was practically 
universal abandonment of overland radio stations. 

27. Operating Organizations have apparently varied from 
about 5 in 1902 to 10 at the present time, marked in 
earlier days by small short-lived companies, later by larger 
longer-lived companies with the more recent addition of 
operation by steamship companies. 

28. Manufacturing Organizations. For a time, manu- 
facturing companies were usually operating companies, 
but with the continued demand of the Navy and Army for 
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radio apparatus of U. S. manufacture and for improved 
apparatus, companies other than operating companies were 
formed to manufacture, and to meet this demand. 

29. Value op Radio Recognized. In the earlier history 
except when convinced by a stock salesman, the public 
as a whole apparently regarded radio as more or less of a 
scientific toy which had possibilities but was not particu- 
larly useful; and because of stock jobbing, radio people, 
as a class, bore a somewhat bad reputation, both as to morals 
and ability. 

The sinking of the "Republic" and the use of radio caused the 
public to recognize that it was of value, and its subsequent use 
(as, for example, on the S. S. "Ohio," and lastly, with the 
"Titanic") made such an impression that Congress passed laws 
requiring and controlling radio. 

It may be said that from 1899 to 1911, the period character- 
ized by stock jobbing, was the Era of Development of De- 
mand FOR Radio Service, and with the coming of the 
Radio Laws and the stopping of stock jobbing in 1911 began 
the Era of Fixed Minimum Demand for Radio Service. 

30. 50 Passenger, Ocean Law. 

The first law passed, which became effective in July, 1911, 
required ocean-going vessels carrying passengers and carrying 
50 or more persons, including passengers and crew, for a distance 
of 200 miles from United States ports to have a radio operator 
and apparatus capable of working 100 miles (160 km.). Ad- 
ditional stations principally on ships, were required, which offset 
somewhat the decrease in stations due to the closing of stock 
jobbing stations. 

50 Persons Law 

In October, 1912, a revised law became effective for 50 persons 
which added one more operator and an emergency auxiliary 
source of power for the radio transmitter on ocean-going pas- 
senger ships; and later in 1913 on cargo and passenger carrying 
ships on the Great Lakes and on ocean cargo ships. 

As will be noted in curve S, by the time all of these laws 
became effective the number of ship stations was approximately 
twice that of 1911 when the first law began to be effective. 

In addition, these laws covering vessels carrying 50 persons 
required two licensed operators and an auxiliary source of p>ower 
which increased the number of operators on commercial ships 
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to about four times that of 1911 and brought in the plain antenna 
auxiliary set and later the full power auxiliary set. 

The licensing of the operators by examinations raised the 
technical training of the operators as a class. 

The requirement for continual service and operative ap- 
paratus has improved the apparatus and provided far better 
radio protection for occasions of distress on vessels. 

33. The Decrement Law, or portion of the law, effective in 
1912 with regulations, was made to prevent interference 
and for that reason required certain wave lengths and licenses 
for various classes of stations, all of which stations were 
required to use a decrement of less than 0.2. 

34. Full Power Auxiliary. This is an auxiliary source 
of power capable of furnishing sufficient power to operate 
the main radio transmitter for four hours or more. Two 
such installations were made early in 1911 by the United 
Wireless on the Lamport and Holt line. When the law 
requiring auxiliary sources of power went into effect, ten inch 
induction coils with small storage battery were put on by 
the Marconi Company, thereby providing less power for 
distress purposes than was provided for ordinary business. 
In 1913, the United Fruit Company installed large Edison 
storage batteries to furnish full power for their main trans- 
mitters and for emergency deck lights, and since then other 
steamship companies have been making somewhat similar 
installations. 

35. Patent Litigation. In August, 1902, the Marconi Wire- 
less Telegraph Company of America brought suit against 
the de Forest Wireless Telegraph Company on the Marconi 
reissue patent number 11,913. Nearly three years later, 
in April, 1905, Judge Townsend held that claims 3 and 5 of 
the Marconi patent were infringed and granted an injunction 
and accounting on those claims, but said that claim 1 was 
too broad and claims 8, 10, and 24 were not infringed. How- 
ever, in April, 1905, the de Forest Wireless Telegraph Com- 
pany was a company of the past, and the decision practically 
only served to make others wary of claims 3 and 5. So that, 
altho the Marconi Company sued the American de Forest 
Wireless Telegraph Company in March, 1906 on claim 3 of 
this patent, the American de Forest Wireless Telegraph 
Company was using the loop antenna, and Judge Townsend 
rendered a decision in April, 1907, holding that the showing 
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made did not warrant the granting of an injunction. The 
chief result of this litigation which started in 1902 and ended 
in 1907, was the loop antenna, excepting, of course, that a 
considerable sum of money was probably expended. Taking 
into account all the radio litigation up to the present, probably 
the main features have been the expenditure of money and 
the time between the starting of the case and the final de- 
cision. This litigation effected the development of radio in 
a number of ways. 

Beginning with 1902, one or more suits have been before the 
courts each year. 

The decision in favor of the Marconi Company, plaintiffs, 
in 1905 resulted in the loop antenna which was successfully 
defended later. 

The decision in favor of Fessenden and his associates, plain- 
tiffs, in 1906 on the electrolytic detector, helped bring crystal 
detectors into use. 

The decision in favor of the Marconi Company, plaintiff, in 
1914, against the National Electric Signaling Company, and 
the National Electric Signaling Company suits against the 
Marconi Company apparently brought about the working agree- 
ment between these companies. 

Seven suits filed in 1914 were the greatest number filed in 
one year. 

Of approximately 27 suits filed from 1902 to the present 
time, apparently only seven have shown permanent status in 
favor of the plaintiff. 

Of these, two were rendered ineffective by the defendant 
subsequently using other apparatus, two produced a working 
agreement, one was in connection with the selling out of the 
defendant, and the other two partially restricted two companies 
but are still being fought. 

About eight suits are pending trial or decision. 
Apparently United States radio patent litigation has been 
unprofitable for both the defendants and plaintiffs. 

The time elapsed between filing the suit and the decision has 
varied from one month to four years and averaged about one 
and one half years. 

36. Operation By Steamship Companies. That is, wherein 
the steamship companies rent or buy their apparatus, 
handle the traffic accounts, control their operators the same 
as the other members of their crews, etc. Among the first 
to do this was the United Fruit Company. Recently this 

194 



Digitized by 



Google 



method of operation has increased quite rapidly, particu- 
larly on the Pacific Coast. 

In the early days the stock jobbing operating companies 
rented the operators, apparatus, and traffic service for from 
$62.50 per month dovm to nothing per month. The steamship 
companies were not required to have it, and they were not 
responsible for it. Then, to the steamship company it was 
largely a cheap novelty which might be useful. 

But with the departure of the low rent stock jobbing method, 
and the coming of some patent decisions and combinations in 
attempted patent monopoly, and the enforcement of radio laws, 
conditions have changed. Now, to the steamship company, it 
is more expensive and usually it is a necessity and a responsibility. 
It has become a matter of question whether the steamship 
company cannot operate radio as cheaply as to rent its operation, 
and since it is now a necessity and a responsibility ^ the natural 
question is, why should not radio apparatus be in the same 
business system as other parts of the ship's equipment, the 
operator the same as any other member of the crew, and the 
traffic accoimts the s^me as other traffic pertaining to ships? 
The result is that additional lines own and control the radio on 
their vessels. 

37. THE INSTITUTE OF RADIO ENGINEERS. The 
Institute of Radio Engineers, formed by the combining of 
the Society of Wireless Telegraph Engineers and the Wireless 
Institute, was developed in the former organizations, princi- 
pally bj'^ the persistent efforts of a few individuals. Practi- 
cally, its early development was mainly characterized by the 
persistence of a few persons in meeting, reading, and discus- 
sing radio papers, regardless of attendance. Later, gradually, 
and still later, more rapidly, others became interested and 
active until now The Institute of Radio Engineers is an 
international, influential, educational organization, occupy- 
ing a class by itself, and is worthy of classification as an 
effective factor in radio development.* 

SUMMARY: The history of radio development in the United States is con- 
ndered in great detail. Transmitters, detectors, antennas, a number of de- 
tailed parts of radio apparatus, and various branches of radio communication 
are classified, and their progress studied. Such topics as standardization, 
financial procedure, litigation, radio laws, and their consequences are treated 
fully. 

* In this connection, it is a pleasure to inform the readers of the Pro- 
ceedings that it is largely thru the loyal and continued efforts of Mr. Mar- 
riott that the originally very restricted membership of the Institute now runs 
into the thousands. — ^Editor. 
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DISCUSSION 

Lloyd Espenchied: Mr. Marriott s paper is the story of the 
development of a new communication art, from the time of 
its inception, thru a varied probationary career up to a period in 
which it has become established upon a substantial service 
basis. 

The value of the paper is considerably enhanced by the data 
given and by the manner in which it is graphically presented. 
This not only adds to its usefulness as an historical reference, 
but also injects an element of engineering importance, by showing 
up existing trends in the art and thereby enabling, by imaginary 
extrapolations of the curves, some insight to be had into the 
future. 

As regards the trend in the technique of the art, the author's 
first chart illustrating the history of the development of trans- 
mitters, indicates clearly the tendency toward types giving a 
more and more frequent renewal of the antenna energj^, i. e., 
toward the constant amplitude type of transmitter. The most 
intermittent type of transmitter (plain antenna) is already 
declining in numbers, while the next most intermittent type 
(ordinary coupled tuned circuit type) seems to have reached its 
growth and to have about started upon its decline. The impulse 
excitation type of transmitter representing the third step toward 
the constant amplitude type has taken up practically all of the 
growth of the more recent years and seems still to be growing. 
Altho the growth of the constant amplitude type has been slow 
up to the present, nevertheless from the trend indicated in the 
chart, and from our knowledge of its desirable transmission 
characteristics, we would' be led to expect henceforth a more 
rapid growth in the number of such transmitters, in time ac- 
companied by an actual decreai>e in the number of stations of 
other types. 

Somewhat analogous trends are shown in the history of 
detector developments, starting as it does with the intermittently 
operated coherer, which accompanied the most intermittent 
type of transmitter, and coming down to the vacuum-tube-beat 
type of detector, co-operating with transmitters of the constant 
amplitude type. 

Turning now to the curves of chart 2 showing the growth 
in the application of the radio art., we naturally wonder as to 
whether, for instance, the total number of stations will continue 
to grow at the same rate as in the past or whether it is approaching 
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the '^saturation" point. Curve T, giving the total number of 
radio stations in the United States, shows a rapid rise for the 
last six or seven years. This curve is made up in greater part by 
ship stations, and the recent growth in such stations is very 
largely due to legislative enactment compelling their adoption. 
This has resulted in the rapid discounting of a growth which 
probably would have occurred natuially, tho more slowly, by 
the gradual recognition of the value of radio to the maritime 
world. Hence there is some question as to whether, in so far 
as it is due to ship stations, curve T may not soon fall off to a 
growth coincident with that of the maritime field itself. How- 
ever, as regards total growth in an art as young as is radio, one 
should not lose sight of the possibility of enlargements in its 
sphere of economic utility brought about bj^ scientific or technical 
advances either in it or in other arts as, for instance, that of 
aerial navigation. 

February 15, 1917. 
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ON THE USE OF CONSTANT POTENTIAL GENERATORS 
FOR CHARGING RADIO TELEGRAPHIC CONDENSERS 
AND THE NEW RADIO TELEGRAPHIC INSTALLA- 
TIONS OF THE POSTAL AND TELEGRAPH DEPART- 
MENT OF FRANCE* 

By 

Leon Bouthillon 

(Engineer in Charge of the Radio Telegraphic Service of the 
Postal and Telegraph Department op France) 

Numerous experimenters have attempted to use constant 
electromotive forces for charging the condensers used in radio 
telegraphy. Even if we neglect the field of sustained waves, 
such as are produced by the arc (of Poulsen, de Forest, Blondel, 
etc.), by the method of Galletti, or by the method of Marconi, 
and restrict ourselves to spark radio telegraphy, we find that 
there have been numerous attempts to use constant electromotive 
forces. Limiting ourselves to the principal instances, we recall 
at once that Marconi employed in his stations at Clifden and 
Glace Bay sets of 6,000 cells of storage battery. This battery 
was charged by means of direct current generators. When it 
was used alone, the voltage was from 11,000 to 12,000; but when 
the battery was used in parallel with the generator, the potential 
diflference could be raised to 15,000 volts. The discharger con- 
sisted of a disc on the periphery of which were a number of regu- 
larly spaced projections, which disc rotated between two smooth 
electrodes. The arrangement of the circuits is shown in Figure 1 .f 
In collaboration with Captain Brenot, Blondel carried on a series 
of experiments directed toward radio telephony at the Eiffel 
Tower. He used a direct current machine with considerable 
inductance in the charging circuit of the condenser, and a 
stationary spark gap. 

Von Lepel introduced a system whereby the musical note 
was obtained thru the effect produced by an auxiliary circuit con- 
sisting of inductance arid capacity connected in parallel with the 

♦Received by the Institute, March 19, 1916. Translated from the 
French by the Editor. 

tSee "Proc. Royal Institution," June 2, 1911. 
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gap, as indicated in Figure 2. In this figure, S is the key, 
G, G the choke coils, H an inductance, F a condenser, A the gap, 
and C, D the radio frequency coupler. (See "Electrical Engineer- 
ing," September 15, 1911, page 591). Related to this system 
are the experiments in multiplex radio telegraphy carried on by 
the Compagnie G^n^rale de Radiot^l6graphie, wherein circuits 
indicated in Figure 3 were used. (See G. E. Petit and L. 
Bouthillon, "La Telegraphie sans Fil," 3rd edition, page 69. 
Delagrave, Paris.) 



uoo 




Figure 1— Marconi High Direct Voltage Transmitter 



The present paper will show why, when faced with the task 
of developing a type of radio telegraphic station for the Postal 
and Telegraph Department of France, I also have chosen to use 
constant electromotive forces for charging the condensers; and 
also how, by selecting the best features of the systems of Marconi 
and Blondel, I have formed a combination which is an advance 
on each of them. 

I shall begin by studying completely the functioning of a 
charging circuit connected to a source of constant electromotive 
force and of a discharge circuit containing a gap. I shall then 
discuss the relative value of the various types of generators and 
indicate the criteria of their suitability in radio telegraphy. 
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In the third part of the paper, I shall indicate the principal 
characteristics of the system selected. In the fourth part of the 
paper, the choice of system will be justified by comparing its 
characteristics with those of the usual alternating current 
system. 




Figure 2— Lepel Circuit 



PART I. THE CHARGING OF CONDENSERS BY CON- 

STANT ELECTROMOTIVE FORCES AND THEIR DIS- 

CHARGE IN OSCILLATORY CIRCUITS. PRODUCTION 

OF MUSICAL TONES. 

1. General Principles. We are concerned, in all system of 
spark radio telegraphy, with the charging of condensers by a 
high potential generator and their subsequent discharge in an 
oscillatory circuit, the sequence of phenomena being repeated 
a certain number of times per second, which number determines 
the pitch of the characteristic signal note. This note is musical 
if the discharges recur suflSciently rapidly and regularly. 

The arrangement to which we refer is shown in Figure 4. 
The charging circuit contains a constant potential generator S' 
of voltage E, an inductance L, a resistance /?, a capacity C, 
and a discharger D in the oscillatory circuit. The sequence of 
effects depends on whether the gap D is rotary or stationary. 
In the latter case, a spark passes and the condenser is discharged 
each time the potential difference at its terminals reaches the 
constant value V, which value is determined by the break-down 
distance. In the former case, the spark passes at regular intervals 
separated by a time r, which corresponds to the time between 
the passage of successive studs on the rotary electrode. 

In both cases, we suppose that the duration of the spark is 
negligible compared to the charging time. We shall also suppose 
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that the condenser is completely discharged at the termination 
of the spark. These assumptions are practically correct. In 
connection with the study of the action of this circuit the follow- 
ing theory is necessary. 

2. Theory of the Charging of a Condenser by a Constant Po- 
tential Generator. In Figure 5, let the constants be as indicated. 



/innnnr 



-^SWTR!^ 




Figure 3 — Multiplex Transmitter Compagnie G^n^rale de Radio- 
t^l^graphie 



Suppose that at time <, the current is i, the potential difference 
of the condenser terminals p, and the charge of the condenser q. 
The diflferential equation of the circuit is 

d^q.j^dq 



^?^'+4!+^? 



(1) 



This merely expresses the equality at all times of the E.M.F. 
E and the sum of the potential differences across L, ft, and C. 
In addition, at all times, 



,1 

c 



and t = T7 
at 



(2) 



The condenser being supposed to be completely discharged 
when the spark ceases, the potential difference is zero at the 
beginning of the charge. Let i^' be the corresponding current. 
The solution of (1) takes three different forms, according as 
the expression 

CL 4L2 

is positive, negative, or zero. The only case which is interesting 
in practice (since it is the only case wherein an appreciable 
output can be obtained) occurs when the expression given above 
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is positive. In this case, the current and potential difference at 
the condenser terminals are the following: 



E 



I a) €08 <p 



= io s "-; 



sinfi 



v^E 



f sin 10 i -at 



L co«9 J co8^q> 



where we call, 



-Or —to L 10 ^^ 1 S 

^nficos9 



R 
2L' 



to 



, =tonfi 



fCL 4L*' 

L <«» I'o 
E-Lai 



(7) 



(8) 




Figure 4 — Charging Circuit and Dis- 
charge Circuit 



Both current and potential difference are periodically damped. 

The period is r= — and the logarithmic decrement isd-aT. 
w 

The potential difference, which was zero at the beginning of 

charge, is represented by a periodically damped oscillation 

curve, crossing the axis of co-ordinates E at regular intervals. 

It has its maxima when 

ft><=(2fc+l);r-M, (9) 

and its minima when 

fi><=2fcn— M. (10) 

The location of the maxima and minima is given by 



E 



'E sin fi 
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The entire family of curves which show the values of the potential 
difference corresponding to different values of io have a series 
of common points defined by the relations 

t;=B(l+e-<2*+i).) (12) 

and 

iot^2kn 
i;«B(l-€— 2*.)^ (13) 

these being the curves 1, 2, and 3 of Figure 6. 







Figure 5 — Charging 
Circuit 



The current, which is ij at the beginning of the charge, is 
represented by a periodically damped curve, oscillating from one 
side to the other of the time axis, as shown in curves 1, 2, and 3 
of Figure 7. 

The zeros correspond to the maxima and minima of the 
difference of potential : 

€ot = k7r—fJ^ (14) 

These maxima and minima occur at times given by the formula 

wt^{2k+l)'^''fi-<f>. (15) 

Efficiency of the Charging Circuit, Let us suppose that the 
spark passes at the time when the potential difference at the con- 
denser terminals is v. The energy available for the circuit at the 

condenser terminals is -- Cv^. The energy expended in the 

charging circuit is I Eidt, The eflSciency is the ratio of these 
two quantities: 

-C v^ . VQ 
y^2 1 !_^lH=ll. 

CEidt ^Efidt ^^« ^^ (16) 
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In the case of aperiodic charging, the potential difference at 
the condenser terminals is always less than the electromotive 
force and the eflSciency less than 0.5. Because of this low value 
of the eflSciency, such a condition should be avoided in practice. 
In the case of "periodic charging," the potential difference is a 
damped period function, oscillating above and below the electro- 
motive force E. Its maxima are given by 

r.>«=(2fc + l);r-M, (l7) 

which maxima become smaller as k increases. (See the curves 
of Figure 6.) 



Figure 6 — Variation of Condenser Terminal Voltage as Function 
of Charging Time i • (5 = 0.4) 



3. &iudy of the Production of Musical Tones: Characteristic 

Conditions, 

The charges and discharges will take place in such a way as 
to produce a musical note by the successive sparks if the two 
following conditions are met: 

1. That the successive condenser discharges are regularly 
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spaced, at equal intervals, and consequently that successive 
charges require the same constant time. 

2. That the voltage v and the current i are the same at the 
beginning of each charge. The voltage being zero, if the dis- 
charge is supposed to be complete at the time that the spark 
ceases, it is only necessary that the current i' shall have the same 
value io at the beginning of each charge. Since it is also assumed 




Figure 7 — Condenser Charging by Constant E. M. F. 
Current in Charging Circuit 



that the time of discharge is negligible in comparison with that 
of charging, the current in the charging circuit must remain 
constant during the entire discharge, and the condition (2) 
above may be expressed as follows: The current at the end of 
the discharge must be equal to the initial current. 

When applied to equations (7) and (8), these conditions lead 
to the following relating between the charging time r and the 
current io for any spark. 



' L cos<f> \ Lw 



sin €oT, 



(18) 
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We obtain also for the potential difference at the end of the 
charging period, under conditions of a musical note of frequency 
1 



'"'* ^ co^<l>\l^e--co^co^p)]\ 

L cos 9 J J 

cos<l> vlQj 

Consequently, corresponding to each value of F, the sparking 
potential difference which is supposed to be held constant (as in 
the case of a stationary gap), there is a condition of musical tone 
production identified with the smallest value of r given by equa- 
tion (19) and by the value of lo thereafter deduced from equation 
(18). So that, the value of V remaining constant, the current 
is lo at the beginning of the first spark, and all sparks thereafter 
come at a regular interval r thus giving rise to a musical tone. 

In the same way, corresponding to each value r of the time 
of charge, supposed to be held constant (case of the rotary gap), 
there is a production of a musical tone identified by the values 
of V and I'o. If the current at the beginning of the first spark 
is toy all later sparks will be produced by the same potential 
difference. 

Sparking Potential and Efficiency. 

The sparking potential and the efficiency which is pro- 
portional to it each vary with the frequency of the musical tone. 
Whenever the time of charge r, which is also the period of the 
musical tone, is not zero, there are a series of maxima for values 

dv 
of r corresponding to zero values of the derivative -y- • 

dv^ E 8inf»>T»e-"^(l-g-^"0 
dr CLa> 



\^_^^ar COs{iOT+<i>^ ^ (20) 

[ COS ^ J 



The maxima occur when 



a>r=(2fc+l);r or r= (^+^1?' (2l) 

That is, the maxima occur when the time of charging is an odd 
multiple of the half period of the charging oscillation. 
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The minima occur when 

oiT = 2fc:r or T = fcr, (22) 

that is, for values of the charging time which are multiples of 
the entire period of the charging oscillation. 
The greatest of all the maxima is when 

^ = 1 (23) 

which is the case of a musical tone produced by one spark per 
half period. The current is then zero at the beginning and at 
the end of each charge, and the sparking potential is 

7 = E(l+e"2) (24) 

and the efficiency is 

r-lii-' (25) 

These conditions then are those of maximum eflSciency with 
a musical tone. The efficiency is greater the less the logarithmic 
decrement of the charging oscillation. When the decrement 
becomes zero, the efficiency is unity. 

We shall successively study the variation of the maximum 

efficiency with the damping of the charging circuit and the varia- 

T 
tion of the efficiency when i changes slowly at values near — • 

The following table gives the values of the maximum ef- 
ficiency corresponding to various values of the decrement. 



Decrement of 

Charging 

Circuit 


Efficiency 


Decrement of 

Charging 

Circuit 


Efficiency 


0.0 


1.00 


0.8 


0.84 


0.2 


0.95 


1.0 


0.80 


0.4 


0.91 


2.0 


0.68 


0.6 


0.87 







The maximum efficiency is obtained at a spark frequency 
double that of the oscillations of the charge, i. e., one spark per 
half period. It is interesting to note how the efficiency changes 
when the spark frequency differs from this most desirable 
value ((oT = 7r). 

If we assume — to be negligible compared to unity, the 
or 

potential difference reduces to V = 2 E and the efficiency to 
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7=1. In this case, the eflSciency will always be equal to unity 
no matter what the period of the musical tone. 

In practice, it is impossible to eliminate the resistance of the 
charging circuit; but the curve of sparking potential has the shape 
of curves I, II, and III of Figure 8 with large flat regions in the 
neighbourhood of the maxima. Consequently, considerable 



Figure 8 — Variation of Sparking Voltage and Efficiency as 
Function of Period r of Musical Note 



variations in the time of charging produce only slight changes 
in the eflSciency. The less the decrement, the smaller are these 
changes and the nearer the maximum efficiency approaches 
unity. 

The curves of Figure 8 show the variations of potential 
diflference at the condenser terminals or of the eflSciency as a 
function of the period r of the musical tone for the three values 
of the logarithmic decrement, namely: 5 = 0, 5=0.1, and 
5=0.4. 

It can be seen that the spark frequency may be multiplied 
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by 3 in the case where d=0'A (a value rarely exceeded in practice) 
and by 7 in the case where 5 = 0.1 without diminishing the 
efficiency by hiore than 10 per cent. This is an interesting 
characteristic of methods of charging continuous by sources 
of direct current. 

Initial Current. The relation between t the time of charge 
and the initial current i<, (which is also the current at the moment 
of discharge) is the following: 



LwL = E 



1 larC^Ai'*^'^+^) 

COS 9 



ForT = ^ . Em . E 

La}to = —- ^o=r-z 

a JjU 

Thereafter io decreases, reaching zero when a> t = fc 7:, 

It assumes the general shape of a damped periodic curve of period 

and passes thru a series of maxima and minima when 

cos<f> 

which are represented in the curves of Figure 9. 

If a = 0, that is, if the charging current is without damping, 
we have 

Lwio^EcotgY' (26) 

In this case, i is zero when wt= (2A:+1) tt and infinite when 
wT = 2k7: (curve 1 of Figure 9) . 

The current io assumes the value zero at points correspond- 
ing to the maximum sparking potential difference or maxima of 
the efficiency. The curves of Figure 9 show the variation of ^^ 
as a function of t for the three values, o = 0, 5 = 0.1, and 5 = 0.4. 
It will be seen that the larger the damping, the smaller io. 

Potential Difference at the Condenser Terminals during the Charge, 
During the charge, the potential difference is given by equa- 
tion (7) above. The curve representing v is periodic and damped. 
If there is no sparking, it passes thru a series of maxima given 
by equation (IJ) above with the positive sign chosen in the 
second member, when 

£e>/=(2A:+l);r-/x, 
210 
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and thru a series of minima or negative maxima given by equa- 
tion (11) above with the negative sign chosen in the second 
member when 

tt>< = 2A-;r— ft (See the curves of Figure 6). 



FiGUBB 9 — Variation of Initial Charging Current io as 
Function of Period of Musical Note 



If io is positive, the first of all these maxima is always a 
positive one and the greatest of them all, having the value 

Fi = ^(l+J^'°- £-»'*) (27) 

\ EstUfi J 

where fe>fi = ;r— /*. 

If io is negative, the first of all the maxima is negative and 

equal to the expression just given except that the negative sign 

appears in the second member instead of the positive, and that i\ 

is given by o) /i = — a^. 

The second maximum is positive, and equal to the expression 
given in equation (27) 
where a>fi = ;r— A^. 
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The greatest of the maxima is the first positive one, Vi. For 
certain values of io and small dampings, it reaches large values. 

But this expression does not give the maximum potential 
difference attained during the entire charging process unless the 
time of charging r (which is the period of the musical tone) is 
greater than half the period of the charging oscillation (aiT>;r). 
For in this case h is smaller than t, and the spark takes place 
before the maximum value is reached. If, on the other hand, 
the time of charging is less than half the period of the charging 
oscillation (cor<;r), the spark takes place before the maximum 
potential difference is reached, and the greatest potential dif- 
ference at the condenser terminals takes place at sparking. 

Figure 10 shows the changes in the maximum potential 
difference at the condenser terminals during the charge as a func- 
tion of the period t of the musical note, and for three values of 
the damping decrement: 

8 = 0. 5 = 0.1, and 5 = 0.4. 

Whenever wr is less than ;r, these curves are the same as 
those which give the sparking potential difference (Figure 9); 
and when t is greater than the limiting value mentioned, the 
curves represent equation (27). It will be noticed that with 
5 = 0.1 and certain values of t, the condenser terminal voltage 
is more than four times the generator electromotive force. 

Potential Difference ai the Inductance Terminals during the Charge, 
During charging, the potential difference at the inductance 
terminals is 

jdi J . cos{(ot+fi+(l>) ^,,t 
dt sinfjiCos(p 

which passes thru a series of maxima when 

(ot=^2k7:-/J^-2(l> 
and minima when 

ro< = (2&+l);r-M-2«^. 

If io is positive, the first of these maxima is the greatest of 
all, and has the value 

sinfjL 
where oi<2 = ?r— M— 2^. 

If io is negative, the first of all these maxima is the greatest, 
and positive, having the value 

y ,^La}io^^ati 
sinfJL " 
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where «> ^2' = — M — 2 ^. 

When the damping is not large, which is generally the case 
in practice, the values of Vi and V2' are quite close to the maxi- 
mum condenser terminal, potential difference diminished by E, 



Figure 10— Variation of Maximum Voltage 

at Condenser Terminals during Charging as 

Function of Period of Musical Note 



Difference of Potential at the Resistance Terminals during the 
Charge. 

The value of this potential difference is 
w = fli = 2Lai or 



u = 2L«Le-'«^'"'-y:-'*) 



sm/ji 
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Average Current in the Charging Circuit, The average current 
in the charging circuit (which is of interest, as we shall see later, 
since it is directly proportional to the power expended) is given by 



^^=1 ridt = -CV=^nCV 

rjo T 



It is zero for ''"=0, and increases as a function of ''", passing 
thru a maximum when 

C—=i 

and decreasing thereafter. 

Energy Expended in the Charging Circuit. 
The energy expended during a charge is 

E \idt--ECV. 



? I td< = 



If the musical tone produced corresponds to n charges per 
second, the power expended is 

Wi = nCEV = Eia.. (36) 

It is proportional to the average current, and like it, passes thru 
a maximum when 

fdv 

di' 



ia.=C- 



Energy Available at the Condenser Terminals, 
This is equal to 

Wu=\nCV^. (37) 

It is zero when t = and increases with t, reaching a maximum 
when 

and diminishing thereafter as t continues to increase. 

Inception and Stability of Tone Phenomena: 

We have seen that for each value of the sparking potential 
difference, V, supposed constant (which is the case for a sta- 
tionary gap), there exists a musical spark determined by the 
values of r and I'o. If the value of F is held constant, the current 
is io at the beginning of the first spark. All the successive sparks 
follow at regular intervals of time equal to the charging time, r. 
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In the same way, to each value r of the time of charge as- 
sumed constant (which is the case for a rotary gap), there is a 
musical spark determined by the values of V and %o. If the 
current at the beginning of the first spark is io, all successive 
sparks will occur for the same difference of potential V. 

It remains to be considered whether the tone phenomena 
are stable. That is, we must consider whether such musical 
functioning is re-established after the removal of a temporary 
disturbance which has caused irregularities, and whether the 
tone phenomena will occur no matter what the value of the 
initial charging current ij. There is, in fact, no certainty that 
otherwise the initial current can be regulated in such a way as 
to be equal to the value i^ which corresponds to a musical note. 

From this point of view we shall study the phenomena which 
take plac^ with each type of discharger. 

Case of the Rotary Gap, The time of charging after each 
spark has the same value t. Let ij be the current at the begin- 
ning of the first charge, ?i' that at the beginning of the second 
charge (which is equal to the current at the end of the first 
charge), h' that at the beginning of the third charge (and equal 
to that at the end of the second), and so on. 

All charging times have the same value r, the values of ij, 
iV, iV . . . in are connected by the following relations, based 
onequation (7): 

., E ^_ar . , .,t^'''C0s{i0 T+<t>) 

ii =7 — £ sinioT+io ~: -^-^ 

L (o cos (f> 

Z2 =T— ^ simoT + ii -. — ^^ 

L 10 cos 9 



i„' = /-.-"sin.r+y„_/^->^%+^) (38) 

L o) co8q> 

Let us multiply the first equation by 

'cos{iOT+4>) 'Y~\ 
cos<i> J 

the second by 



P 



U-"''C0S{C0T + 4>) 'Y-'' 

L cos<i> J 



and so on, to the (n-/) st, and then add. The terms contain- 
ing in-i', In -2' . . • ii disappear, and there remains 
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In = 



L(0 I C08<P 

( e-"c..G.r+^) \"-n ^ , A-"co«(.r+ i)y (39) 
The series in brackets equals 



1 
so that we obtain for iJ 



., E , 

tn = f — SIW CO r 



^ e-"cog(a»r+^ l L co«^ J J 

L COS0 J 



or . , £ _.^ . 1 



Lio e ''^co8{(OT+4 >) (40) 

C08(l> 
I C08 4> 

The initial current i,,' for the (/i+l)st charge contains one 
constant term, and an additional term which is a function of n, 
this latter term becoming zero as n increases indefinitely, since 

C08(l> 

is less than 1 regardless of the value of r. 

If the current at the beginning of the first charge has the value 

., E ^_„, . 1 

C08<l> 

(that is, the value corresponding to io of tone phenomena) the 
additional term is zero, and the musical note is established after 
the first spark. 

If the time of charge is such that 

C08 {€OT + (l>) =0, 

that is, 

^r=(2fc+l)^-6, 
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the additional term is still zero, and the tone phenomena are 
established at the end of the first charge no matter what value 
the current has at the beginning of that discharge. 
In general, the term 

C08 4> 

is not zero, but it is always smaller than unity and consequently 
the (n+l)st power thereof approaches zero as n increases 
indefinitely. After a certain number of discharges, which number 
will be smaller the larger the damping constant «, the additional 
term becomes negligible. The initial current will then be the 
same for each discharge, and the musical tone will persist. 
We find, as must naturally be the case, that the limiting value 
of in then becomes I'o, which corresponds to musical phenomena 
having a charging time r. 

Consequently in the case of a rotary gap, tone phenomena are 
stable. They occur automatically regardless of the current 
value at the beginning of the first charge. 

Case of Stationary Gap. When the spark gap is fixed, the 
spark always jumps, theoretically at least, when the potential 
difference reaches a certain definite value dependent on the 
bridged distance. Consequently, the discharge always takes 
place for the same voltage V. 

Let iV=to+^io' be the initial current for the first charge, 
to being the current for tone phenomena corresponding to the 
potential difference V, Let ti = r+^ti (r being the time of charg- 
ing with tone phenomena). Then the time at which discharge 
occurs is a function of I'o' and is given by the equation 

\ C08(P I CO^^ 

or y^Eix-- il^^'^^^I^^^-^^^A 

\ C08^ I 

C08^ <P 

If A<] and At/ are infinitesimal, this equation is equivalent to 

and determines A <i as a function of A i\,'. 

The current, tV = fo+A{i' at the end of the first charge is 
given by the equation 

L 10 cos <p 



--a< 
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If A^i is infinitesimal, this equation becomes 

The elimination of A/i between the two equations (1) and (2) 
gives AiV as a function of Ai/. 



We have here 



(di/\ _(dV\ (ajL. 

\dio7i,'~i, \dio7i.'-i./dV\ 



(Ph) i-co8(a>T+<t>)e-" 

\dto/t-r C08<P ^ 

/dV\ ^ Lw 

\dio'/tmr CO!?^' 



■stnwT £' 



(43) 

(44) 
(45) 



-t4- = 7 — e'^* { — asinwt+iocoaaii) 
at L (o 

+ -^e~**[-aco«(oi<+<^)-€D«in(fo<+<^)] 
cos(l> 

^^-'*^^^^±^"\fcos{a,t+<l>)-'-^sin(a,t+2<l>)] 
to IL ^ cos<t> J 

= —^ \yCOS {a,t+<f>)-^sin {wt+2<l>)\ ■ 
cos i>lL cos4> J 

For t = T, ij = i„ 

\dt/t«r cos(l>\_L cosp J 

and, substituting for to its value, 



t« = 



E 



e *''sina;r 



cos(l> 
and simplifying, after remembering that 

co^ (w T+<l>) +sin (0 T (sin[a} T+2(l>]) =^cos^<l>, 
we have 

1 






We know that 



cos<f> 



\dt)t.r~C^' 



{cos(a»r+^) — e "^cos^} 
(46) 

(47) 
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from the general formula 






CLo) t-''^co8(a}T+<t>) 
cos4> 



If we now substitute in equation (43) the values found for 
the various factors, we obtain finally 



"*1 — "*o 






or, since 




CL<o'=cos^^, 



Sin (o T 



ar COS {(O T + <t>) ~ e"*"^ COS <t> ] 



AiV = At/ 1-^- cos {w r+<A) e"*" - -^ <cos (w T+<t>) 
Icos <^ ^ cos^ I 

AiV=ACe-2- (48) 

The current at the beginning of the second charge is 

and in the same way for 12', the current at the beginning of the 
third charge, W at the beginning of the fourth charge, . . . in 
at the beginning of the (n+l)st charge: 

i,'=i,+AV 

We obtain successively 

AiV = Ai/e-2- 
AV = Aii'e-2.r 



Eliminating the quantities AtV, Aij', . . . there remains 
AtV = Ai/£-2'»*^ 

Consequently, «~*^ being smaller than unity, the musical 
phenomena are stable. 
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The eflFect of a momentary disturbance ceases to be ap- 
preciable aft«r a certain number of sparks. The greater the 
damping and the longer the charging time, the more marked 
the stability. 

Special Case of Maximum. Efficiency. We have seen that the 
eflSciency is a maximum when the time of charge, which is equal 
to the period of the tone phenomena, is also equal to a half period 
of the oscillations of the charge «> r = ;r. 

Now the initial current is io=0. The potential difference at 
the condenser terminals is 



\ cos4> I 



In this special case, the sparking potential difference is equal 
to the absolute maximum of condenser potential difference during; 
charging 

7 = £(l+€"«) 

The current value during the charging 

% = - — e stn io i 
L 10 



The average current in the charging circuit 
The effective current in the charging circuit 



'"-Wifi; ('-'■'> 



The potential difference at the inductance terminals during the 
charge 

cos<t> 
This is a maximum and equal to 

when 

Energy dissipated in the charging circuit 



= nCw(\+r'^- (n = i). 
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Energy available at the condenser terminals 



Efficiency 



~2Wd 2 



PART 2. CONDITIONS ARISING IN THE USE OF 
CONSTANT POTENTIAL GENERATORS FOR CHARGING 
CONDENSERS IN THE PRODUCTION OF RADIO FRE- 
QUENCIES. 

In the case of radio telegraphy, we desire to obtain high 
efficiency for the case of oscillating charges and a low decrement 
in the charging circuit. Once the tone phenomena are taking 
place, the spark passes at regular intervals. After each spark 
the same initial conditions occur. 

V = and i=v 

The best arrangement is that for which the time of charging 
is equal to a half-period of the free oscillation of the circuit 
(See Figure 11). In this Figure, the curves give the potential 
difference at the condenser terminals and the charging current. 

The phenomena which occur are the following (shown in 
curves I and II of Figure 11) : 

Just before the extinction of the spark, the current and 

voltage at the condenser terminals are practically zero. There- 

. T 
after, the voltage increases continuously until time — > that of a 

half period of oscillating charge. At that time, the e. m. f. is 

approximately twice that of the generator. 

T 
The current starts at zero, increases to time —^ then di- 

4 

T 
minishes, and again comes to zero at time — • 

If the discharger is so adjusted that the time between two 

T 
sparks is equal to -z (which, as we have seen, corresponds to 

maximum efficiency), a spark will then pass, the condenser will 
be discharged, the spark will be extinguished, and the same 
series of phenomena will recur. 
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The oscillograms numbers 54, 12, 17, 18, 20, and 22 of Figure 
12 give the current and voltages for the various cases. 

Oscillogram 54 — premature sparking. The condenser terminal 
potential difference (upper curve) increases as it leaves the 
origin. The current (lower curve) increases, reaches a maximum, 
and then decreases. Sparking occurs just before the maximum 
voltage is reached. The current still has an appreciable value at 
the moment of sparking. 




\ \ \ \ \ \ 

Figure 11 — Successive Charges and Dischar^ 
of Condenser in Radio Transmitter. Chaii 
by Constant E. M. F., Sparking at End of 
Half- Period of Charging Oscillation. 



["Oscillogram 12 — Sparking at the maximum point, at the 
end of a half period of oscillation in the charging circuit. 
The voltage is a maximum at this time and the current 
zero. 

Oscillograms 17, 18, 20 — Slightly retarded sparking, on the 
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falling branch of the condenser potential difference curve. The 
current at sparking is negative, and increasingly larger. 

Oscillogram 22 — Greatly retarded sparking, after two and a 
half periods of the charging oscillation. 



Figure 12 — Oscillograms of Repeated Charging 
and Discharge of Condenser: Charging by a Di- 
rect Current Generator; Discharge in Oscillating 
Circuit with Rotary Gap. In all these oscillo- 
grams, the upper curve is the condenser terminal 
voltage; the lower curve the charging current 



Choice of the Charging Generator 

We are here concerned with charging generators delivering 
voltages of the order of several tens of thousands of volts. 
Use of Storage Battery Assemblies, 

Until recent years, since high voltage generators had not been 
perfected to the point which has now been actually reached, 
the only solution which seemed available was the use of storage 
batteries. These were used by the Marconi Company at its 
Clifden station. The assembly of batteries at that station 
included 6,000 cells, and gave 12,000 volts. 
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The advantages of using storage batteries are the following: 
The e. m. f. is constant and is available at all times without 
the necessity of starting motors, the inductance is negligible, 
and consequently there is available a wide range of adjustment 
for obtaining different spark frequencies and different outputs 
with maximum eflSciency. 

The disadvantages seem to outweigh the advantages, and 
are the following: The inconvenience of a battery of several 
thousand cells is necessarily very marked, the diflSculties of 
inspection and maintenance and repair are serious, insulation is 
troublesome to maintain in view of the high tensions and the 
presence of acid fumes which are continuously generated, and 
the cells, which even under the most favorable circumstances 
deliver only 70 per cent, of the energy which has been given 
them, have a poor efficiency. And, finally, the existence of the 
battery does not obviate the necessity of having high tension 
machines available, since they can be charged only by the 
use of a potential difference greater than their own on dis- 
charge. 

All these disadvantages have prevented the spread of this 
system and made the plan of using high tension machines for 
charging condensers very attractive. 

Direct Charging of Condensers by High Tension Direct Current 

Machines. 

Until recent years, the highest voltages obtained by means of 
direct current machines was not greater than several thousand 
per machine. It was, consequently, useless to think of employing 
dynamos of such type for radio telegraphy. A system of energy 
transmission with direct current, developed by Mr. Thury, gave 
rise also to the problem of building high tension d. c. dynamos. 
The highest previously obtained voltage a few years before was 
not greater than 5,000. Next a voltage of 8,000 was reached, 
in the machines purchased by the Galletti Company from the 
Mechanical and Electrical Manufacturing Company (Compagnie 
de rindustrie Electrique et M^canique) at Geneva. A voltage 
of 10,000 was reached in a 10 kilowatt machine bought by the 
Department in 1913 for the radio telegraphic station at Ouessant 
and also in machines intended for use at the stations at Saintes- 
Maries-de-la-Mer, Fort-de-l'Eau, Boulogne-sur Mer, and Boni- 
facio. Lately I have received several bids for the construction 
of machines delivering voltages of the order of 20,000. When 
we consider the difficulties which arise in the construction of such 
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machines, we cannot but admit that their production marks a 
real advance in electrical engineering and manufacture. 

It can therefore be asserted that no serious difficulty stands 
in the way of securing directly by direct current machines the 
high voltages necessary for radio telegraphy. 

Requirements of Machines and Conditions of Use. 

Experiments and tests in actual radio telegraphic service are 
aimed to determine the working conditions of the machines and 
the characteristics of the materials used. 

1. At the moment of spark discharge, the potential is ap- 
proximately double the charging e. m. f. The potential dif- 
ference is never greater than twice the charging e. m. f. if a 
fixed gap is used, or if a rotary gap is employed of such type 
that the spark frequency is more than twice the frequency of the 
charging oscillation. 

If the machine is connected directly to the terminals of the 
condenser, it must be so designed as to stand without danger a 
potential difference of twice the original e. m. f. However, 
to avoid this requirement, should it prove troublesome, it is 
merely necessary to insert in the charging circuit the inductances 
hy t which must be insulated that they can stand sufficient 
potentials to protect the machine. 

Oscillograms 75 and 76 show the potentials at the machine 
terminals and condenser terminals for a case where the inductance 
of the protecting chokes was about twice that of the machine. 

2. During the condenser discharge, the two ends of the charg- 
ing system, A and B, are at a radio frequency potential dif- 
ference. There are therefore produced near points A and B, 
or in the machine if no choke coils are provided, stationary 



Q 







AuxiUARY Figures A and B 
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waves. These may become very dangerous, since the insulation 
may be punctured by the large potentials developed at nearby 
points of the same coil by the radio frequency standing wave. 
It is therefore prudent to insert in the charging circuit between 
the points A and B some type of damping arrangement such as 
extremely well insulated choke coils with iron cores so designed 
that the Foucault (eddy) currents in the sheets shall be negligible 
for the charging frequency but large for the discharge frequency, 
and capable of damping rapidly the radio frequency wave. 
Often suflScient protection is obtained by increasing the insulation 
of the first few turns of the choke coils L, L. 



Auxiliary Figure C 
Oscillogram 75 Oscillogram 76 

Upper Curve: Po- Potential DifTer- 

tential Difference, ence, Condenser 

Machine Terminals. Terminals. Current 

Lower Curye: Cur- in Charging Circuit 
rent in Charging 
Circuit 



3. If it is desired that the sparks really occur at the end of a 
half period of charging, the number of sparks per second is 

2 
T 
and since 

r=2>TVic, 

the inductance of the charging circuit is finally determined by 
the expression 

1 

71 = 
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C and n are generally determined by conditions outside of 
the charging circuit. The inductance is therefore fixed. It is 
necessary that the inductance of the machine shall be at most 
equal to this value. In case choke coils are used for lowering 
the potential difference at the machine terminals, it is desirable 
to design them so as to leave a certain margin for adjustment. 
The limitation of the inductance of the machine imposed by the 
above expression is sometimes troublesome. In that case, one 
is forced to diminish the inductance by means of compensating 
windings. 

4. The armature of these machines is traversed, not by a 
continuous current, but by a pulsating current of frequency 
equal to that of the number of sparks per second. It is there- 
fore necessarj'- to design the iron thereof sufficiently finely 
subdivided so as to avoid serious energy losses from Foucault 
currents. 

5. Lastly, if a rotary gap is used, the speed of rotation and 
the number of points on the disc must be controlled and held 
constant, in such a way that the time between the passage of 
two points passed the fixed electrode must be constant and equal 
to a half period of the charging circuit, if maximum efficiency 
is desired. 

Choice of Type of Discharger 
We have seen that for both stationary and rotary gaps tone 
phenomena are stable, are self-establishing, and are re-established 
after a momentary disturbance of the system. The re-establish- 
ment occurs the more rapidly the higher the damping of the 
charging circuit. 

In the case of the rotary discharger, the charging time r is 
constant theoretically; and we have seen that corresponding to 
even marked variations in the charging time r with tone pheno- 
mena there are only slight changes in the sparking potential. 
It follows that accidental variations in the speed of the dis- 
charger cause only slight and momentary disturbances of the 
musical note. Indeed it is easy to avoid such variations in 
speed by driving the discharger from a special motor. In 
addition, the rapidly rotating discharger acts as a fly wheel 
and naturally opposes changes in speed. 

In the case of the stationary discharger, theoretically the 
sparking potential is constant. But in reality it varies from one 
spark to the next, because of alterations in the sparking surfaces^ 
alterations in the ionisation of the intervening air, etc. These 
changes follow complex laws which cannot be determined. 
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And we have seen, further, that corresponding to very slight 
variations in the potential difference giving tone phenomena 
there are large variations in the charging time and therefore in 
the pitch of the note. It follows that, while stable tone pheno- 
mena correspond to each sparking potential, it will be more 
difficult to obtain a pure musical note with constant pitch and 
intensity with a stationary gap than with a rotary gap. 

Continual variations in the sparking potential have an 
additional disadvantage. Let us suppose that the sparking 
distance has been regulated in such a way that it corresponds 
to the tone phenomena occurring with one discharge per half 
period; that is, for maximum efficiency and maximum potential. 
If, thru any cause, the sparking potential is increased, the charg- 
ing potential no longer reaches its maximum value, the con- 
denser becomes completely charged by damped oscillations to 
potential E without a spark occurring, and the system is open. 
The unforeseen and continuous variations in the sparking potential 
of a fixed discharger thus prevent the obtaining of tone pheno- 
mena with maximum efficiency. It would be always necessary 
to be content with somewhat less. This is a second disadvantage 
of stationary gaps as compared with rotary gaps. 

It follows from the above statements that, if no other con- 
siderations intervene, it is theoretically preferable to employ 
rotary dischargers in preference to stationary ones. 

The preceding statements suppose also that the spark fre- 
quency is not far from that corresponding to maximum efficiency. 
If the actual phenomena are those of a much higher frequency 
(o) T very small, or the rising part of the curves of Figure 8) the 
contrary would be true. For this case, variations in sparking 
voltage caused by irregularities in the action of the fixed gap, 
even if these variations were marked, would not produce more 
than slight disturbances in the period of the tone, and the fixed 
discharger is capable under such circumstances of functioning 
very steadily. It is probably this case which was used by Mr. 
Blondel in his tests of radio telephony with direct current 
dynamos and fixed gaps. 

It should finally be stated that with the fixed discharger, the 
period of the tone phenomena is always less than half the natural 
period of oscillation of the charging circuit (to r < ;r) and the po- 
tential difference is never greater than twice the e. m. f. of the 
generator, whereas with a rotary discharger, the period of the 
musical tone may have any value whatever. 

For certain values of this period (a>r>;r) and a small damping, 
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the potentials may reach values much greater than twice the 
e. m. f. of the charging circuit. Consequently, a rotary dis- 
charger which is not properly regulated may be a dangerous 
arrangement in that the coils of the generator, the choke coils, 
and the charging condensers may be broken down by the exces- 
sive potentials, if the damping of the charging circuit is very 
small. 

PART 3. THE PRODUCTION OF RADIO FREQUENCY 

ENERGY BY DIRECT CURRENT HIGH TENSION 

DYNAMOS AND ROTARY DISCHARGERS 

The preceding discussion considers the operation of the 
Marconi system with storage batteries and rotary gaps; and it 
explains the good results obtained by Mr. Blondel with direct 
current machines, additional choke coils, and stationary gap. 
It also indicates how, being faced with the question of designing 
a type of station, we have chosen a definite combination of 
the previous elements, borrowing from each their best features 
and finally realising a step forward relative to each of them. 
In our stations, the condensers are charged by direct current, 
high voltage machines, with or without additional induc- 
tance or choke coils, and the discharge circuit includes a rotary 
gap. 

Transmission cannot be accomplished by controlling the field 
circuit of the machine because of its large time constant. It is 
done by opening and closing the high voltage current where it 
leaves the generator. Because of the high tension, the switch 
or break is subdivided into several smaller portions, and the arc 
which tends to be formed is extinguished in the smaller stations 
by the air current from the rotary gap and in the larger stations 
by a separate blower. 

Experiments have been made with system with powers reach- 
ing and exceeding 100 kilowatts, and charging voltages between 
10,000 and 110,000 volts. These tests have demonstrated that 
between these limits, the use of the system presents no particular 
difficulty, and there is no reason why the same should not be the 
case for larger powers and still higher voltages. 

The system has the following characteristics: 
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CHARACTERISTICS OF THE RADIO SYSTEM BASED 

ON HIGH VOLTAGE DIRECT CURRENT GENERATORS 

AND ROTARY DISCHARGERS 

All necessary conditioDS being supposed fulfilled, we have 
obtained a system of the following characteristics : 

1. The eflSciency is equal to 

6 

'^" 2 

(d being the logarithmic decrement of the charging oscillation). 
In the observed cases, using the oscillograph on normal installa- 
tions, it (the charging circuit efficiency) is often greater than 
0.9. o is given by 

where R is the effective resistance of the charging circuit (includ- 
ing losses in the iron, the dielectric of the condenser, and ohmic 
resistance), and L is the inductance of the charging circuit. 
T is the period of the charging oscillation. I have given previously 
the values of 7 corresponding to different values of d, 

2. The note is always perfectly musical, since the interval 
between two sparks is equal to that between the successive 
passage of two points on the rotating disc past the fixed elec- 
trodes, and since conditions are precisely the same for successive 
sparks. 

The tone phenomena are stable, self establishing, and the 
effect of momentary disturbances quickly disappears. 

3. The period of oscillation of the charge is independent of 
the speed of the machine. Consequently, changes in machine 
speed produce no irregularity. 

4. Even marked irregularity in the speed of the discharger 
do not have any influence on the efficiency. 

5. The discharger is completely independent of the generator 
and can be driven by a special motor. 

6. It is very easy to vary the power of the station by placing in 
series a greater or less number of machines. I have already used 
this method repeatedly. The practical characteristics of a 
system of charging condensers for radio telegraphy are valuable 
ones, and a comparison of the method here described with that 
normally employed at the present time, whereby charging is done 
by alternating current, brings out the value of the former. 
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Comparison of Characteristics of Installations Employing 

Direct Current for Charging Condenser with Those Using 

Alternating Current 



Case of Charging by Constant 
E.M.F. 

Material in which com- 
mutator bars are imbedded 
and rotating parts at high 
tensions. 

The speed of rotation of the 
machines does not interfere 
with regulation of the cir- 
cuits. 



3. No effect of this type limits 
the eflBciency, which in prac- 
tice markedly exceeds 90 
per cent. 



4. Even a marked change in 
the speed of the rotary gap 
causes only slight diminu- 
tion of efficiency. 

5. The musical tone obtained is 
completely pure and clear. 



6. The placing in series of 
several high tension ma- 
chines is simple, and pro- 
vides an easy means of reg- 
ulating the available power. 



Case of Charging by Alternating 
E.M.F. 

1. Structure is sturdy, all high 
tension equipment in the 
charging circuit is fixed and 
can be placed in oil. 

2. The speed of rotation of the 
alternator must be main- 
tained rigorously constant, a 
speed change causing a dis- 
crepancy between the fre- 
quency of the charging cir- 
cuit and that of the alter- 
nator. 

3. The permissible excess volt- 
age must be kept so small 
that variations of alternator 
speed in the wrong direction 
do not cause serious dis- 
turbances. This limits the 
maximum efficiency of the 
system to a theoretical value 
of 85 per cent., and con- 
siderably less in practice. 

4. Even a slight displacement 
of the rotary gap from its 
normal position causes a 
marked diminution in ef- 
ficiency. 

5. It is theoretically possible 
to obtain a perfectly pure 
musical tone. It is very 
difficult in practice to obtain 
an acceptably clear tone. 

6. Placing several alternators 
of the high (audio) fre- 
quency used for spark pro- 
duction in parallel is quite a 
delicate task. 
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Conclusions 

This paper has for its object an explanation of the considerar 
tions which have led the Radio Service of the French Postal and 
Telegraph Department to a system wherein a direct current 
source charges condensers which are in turn discharged by 
means of rotary gaps. 

The investigation shows 

1. The theory of the use of direct current in charging radio 
telegraphic condenser. 

2. The possibility of using such direct current machines. 

3. The conditions under which such machines can be used, 
and the useful formulas in connection therewith. 

This work has had a further practical aspect in that it has 
called the attention of constructors to high tension dynamos. 
The highest voltages obtained up to several years ago were a 
few thousand volts per machine. It is now possible to build 
these up to 25,000 volts per machine, and even further. This has 
been one of the most interesting steps forward for several years 
in the field of direct current dynamos. 

Paris, February 28, 1916. 

Note. — Since the compilation of the present paper, the ques- 
tion of using sparks from constant high potential generators in 
radio telegraphy has been discussed by A. Blondel ("Lumidre 
Electrique," April 15, 1916, page 49). Furthermore, the system 
described above has been further developed and experimented 
with on a considerable scale. A 50-kilowatt station, operating 
at 1,800 meters wave length, is being installed at Saintes-Maries- 
de-la-Mer (France). In this station the Technical Committee 
of the Department of Posts and Telegraphs, in accordance with 
an early suggestion by A. Blondel, has required a condenser 
bank placed across the terminals of a series of machines which 
form the source of high voltage. The addition of this condenser 
produces certain advantages which will be considered at an early 
date. 

Paris, April 21, 1917. 

SUMMARY: The charging of condensers by high voltage direct current 
generators is discussed theoretically and practically. The stationary and 
rotary gaps are compared as dischargers, and the evolution of the system 
used by the French Department of Posts and Telegraphs is given. 
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THE MEASUREMENT OF RADIOTELEGRAPHIC SIG- 
NALS WITH THE OSCILLATING AUDION* 

By 

Louis W. Austin 

(United States Naval Radioteleorafhic Laboratory, 
Washington, D. C.) 

For the measurement of received signals at a great distance, 
no methods have been found possible except those involving the 
use of the telephone. Even tho galvanometer methods have 
been developed which are sufficiently sensitive, the disturbances 
due to atmospheric discharges are so troublesome that it is found 
impracticable to use them under many circumstances. For pur- 
poses of measurement the audibility of telephone current is 

t 
defined as the ratio 7 where i is the given current, and i^ is the 

to 

least current of the given frequency audible in the telephone to 
the given observer.* This ratio is determined experimentally 
by shunting the telephones so that the sound in the telephones 
just remains audible. Then if t is the effective resistance of the 
telephones for the given frequency and telephone pulse form, 
and s is the value of the shunt, the audibility 

%o 8 

The best method for making this measurement seems to be, 
when such an arrangement is possible, to have test letters sent 
which are heard by one observer in unshunted telephones and 
which are heard by the observer taking the audibility in shunted 
telephones. The shunt is gradually reduced until the observer 
fails to get the letters correctly. In this way, if the room be 
perfectly quiet and there are no atmospheric disturbances, errors 
of observation may be reduced to about ten per cent. Under 
ordinary station conditions the errors are seldom less than twenty 

♦Received by the Editor, October 31, 1916. 

'The uniformity of audibility readings made by different trained observers 
has been very much imderestimated. Of the half dozen or more men who have 
been en^:aged in this kind of work in the laboratory only one, who was known 
to be a little deaf, obtained results in general diffenng from the others by more 
than twenty per cent. 
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per cent and sometimes reach fifty per cent or even more under 
very bad atmospheric conditions.^ 

This method of making telephone measurements in radio 
telegraphy, in the case of electrolytic and crystal contact de- 
tectors, has been studied by several workers.^ 

The extensive use of three electrode vacuum tubes for the 
reception of continuous oscillations has rendered a similar study 
of the shunt telephone method for these detectors desirable. 

Calibration of the Audibility Box 
The arrangement of apparatus is shown in Figure 1. Here 
A is a wave meter circuit excited either by means of an audion 



^^A 




Figure 1 

or buzzer, B is an intermediate circuit or artificial antenna, C 
is the receiving circuit corresponding to the usual receiving 
secondary. The current in circuit B was varied by changing 
the coupling A B while the range of audibility in the receiver C 
for each experiment was fixed by the coupling B C. The radio 
frequency current in B was measured relatively by means of a 
silicon detector and galvanometer. It was, of course, impos- 

^In general, in radio stations, the audibility readings tend to be too low- 
on account of atmospheric disturbances, disturbing noises in the station, and 
lack of proper adjustment of the apparatus. 

•F. Braun, ''Jahrb. d. drahtl. Telegraphic," 8, p. 203, 1914. 

L. W. Austin, "Bulletin of the Bureau of Standards," 7, p. 319, 1911, 
Reprint 159. 

Klages and Demmler, C'Jahrb. d. drahtl. Tel.", 8, p. 212, 1914), using 
a contact detector attempted to find a linear relation between sending current 
and telephone shunt value. In some reviews and references their lack of 
success has been quoted as an argument against the use of the shunted tele- 
phone method for quantitative measurements. Their own observations when 
recalculated using a probable value for their telephone resistance, show a 
fair linear relation between sending current squared and audibihtj' as defined 
above. 
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sible to get readings on the galvanometer, covering the whole 
range of telephone audibilities from 1 to 5,000, especially since 
the silicon responds in proportion to the square of the high fre- 
quency current, while the audibilities of the oscillating audion 
are proportional to the first power.* The galvanometer could 
not be shunted during a series, as it was found to affect the sen- 
sitiveness of the detector. 

The audibilityshuntresistanceused with the audion telephones 
was of a type already described.* Its range extended from 1 
to 5,000 audibility in 34 steps controlled by a single movable 
contact arm. The box was calibrated to read directly in audi- 
bility when used with telephones having an effective resistance 
of 5,000 ohms at the given tone frequency. The telephones 
used had a direct current resistance of 2,040 ohms, and a current 
sensitiveness at 1,000 sparks per second, of 5X10~^° amperes. 

In making the measurements, while keeping the coupling 
B C fixed, the coupling A B was varied and the corresponding 
audibilities and galvanometer readings noted. The coupling 
B C was then changed and the observations repeated for a new 
audibility range, care being taken that the coupling B C never 
became close enough to permit the local oscillations in the audion 
circuit to affect the detector in circuit B, In this way the ratio 
of the current in circuit B to the audibility readings was deter- 
mined for various measurement ranges of the audibility box. 

Table I shows the proportionality between audibility and 
received current over five ranges where the current is propor- 
tional to the square root of the detector galvanometer deflections 
in circuit B. The variations shown are well within the limits 
of experimental error. 

TABLE I 



Ranges of Audibility 

1- 2 

1- 10 

10- 100 

100-2000 

250-5000 


Ratio of Current 

Ratio of Audibility 

1 


Seteof 
Observations 


0.95 
0.93 
0.94 
1.05 
1.03 


6 
6 
5 

7 
16 



*''Journ. Washington Acad.," 6, p. 81, 1916. 
»"Journ. of the Washington Acad.,'* 3, p. 133, 1913. 
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Table II shows the detailed observations for a set taken be- 
tween 3 and 80 audibility. From these results it may be con- 
cluded that, under the given experimental conditions, the shunted 
telephone method gives results which are correct within the limits 
of experimental error. 



TABLE II 



Audibility 
Ratio 


Current 
Ratio 


! Current Ratio 
' Audibility Ratio 


12 
3 


5.24 
1.14 


1.15 


20 
3 


7.78 
1.14 


1.02 


50 
3 


19 24 
1.14 


1.01 


80 
3 


28.8 
1.14 


0.95 


. 20 
12 


7.78 
5.24 


0.89 


50 
12 


19.24 
5.24 


0.89 


80 
12 


28.8 
5.24 


' 0.85 

1 


50 
20 


19.24 

T.78 


' 0.99 


80 
20 


28.8 
7.78 


0.93 


80 
50 


28.8 
19.24 


0.93 



The above direct method of calibration is better than the 
usual one involving a determination of the impedance of the 
telephones. This is difficult to determine for the very small 
currents occurring in actual reception, and in addition it obviates 
the uncertainties due to changes in the total current pulse inten- 
sity when the shunt is closed. 
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Absolute Sensitiveness of the Oscillating Audion 

The relative audibility of the oscillating audion and the 
old type audion for buzzer signals has been determined many 
times, the average ratio being about 600. Similar comparisons 
have been made between the old audion and the free wire electro- 
lytic, with the result that the mean sensitiveness of the old audion 
is found to be 1.7 times that of the electrolytic. The extreme 
deviations with different bulbs are 1.5 and 1.8. At the time 
of the Brant Rock tests* a rather careful determination was made 
of the number of watts in the receiving system required to give 
an audible signal for normal ears in the telephones then used 
with the electrolytic. This was determined to be 25X10"^® 
watts. With the improvement in telephones this has been re- 
duced to about 12.25X10"'** watts. From all these data, it was 
estimated that the least power capable of producing a signal 
on the oscillating audion is 1.2 XIO""'*^ watts using 2,000 ohm 
telephones having a current sensitiveness of 5X10"'^ amperes 
at 1,000 cycles. From this value a table^ was calculated on the 
assumption that the oscillating audion produces a current vari- 
ation in the telephone proportional to the square root of the 
received watts.® 

In order to obtain a more certain knowledge of audion sensi- 
tiveness, a direct determination of the power in the receiving 
system corresponding to unit audibility in the oscillating audion 
has recently been made. The method used is practically that 
used in the Brant Rock experiments. The arrangement of ap- 
paratus. Figure 2, was with slight modifications that shown in 
Figure 1. The sending wave meter A was excited by an oscil- 
lating audion capable of giving out several watts, thus making 
it possible to use loose coupling between the circuits A and B. 
The detector in circuit B was removed, and a sensitive vacuum 
thermoelement of 28 ohms resistance was placed directly in the 
circuit. This thermoelement with the galvanometer used gave 
a deflection of 1 millimeter (0.04 inch) for 40.4 X 10""* amperes 
in theB circuit. A double pole, double throw switch was intro- 
duced in the C circuit so that the receiving circuit proper could 
be connected to the audion or to a silicon detector and galvan- 
ometer. Using the silicon detector in the C circuit with the 
couplings C adjusted so as to give the largest deflection on the 
silicon galvanometer, a comparison was made between the ther- 

« ''Bulletin Bureau of Standards," 7, p. 315, Reprint 159, 1911. 

^''Proc. I. R. E.," 4, p. 255, 1916. 

« "Journ. Washington Acad.," 6, p. 81, 1916. 
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moelement deflections in circuit B and the detector deflections 
in C. By exterpolation it then became possible to use tlie de- 
tector galvanometer in C to measure the radio frequency cur- 
rents in By even when small enough to bring the response of the 
oscillating audion within the range of the audibility box when 
the audion was connected to the secondary receiving circuit C. 




^ ^ ^-> T^AmJi; 



Figure 2 



The sensibility of the audion depends very much on the 
adjustments of its circuits. It is therefore necessary to choose 
some definite method of making these adjustments. The fol- 
lowing method, while not giving the greatest sensibility, seems 
to give the most easily reproducible readings: The antenna 
and closed circuit are first tuned for best signal at very loose 
coupling, adjusting the bridging condenser, grid condenser, and 
re-inforcing coupling, if one is used. Then the main coupling 
is gradually closed to the best point and the secondary retuned 
slightly for the note desired, leaving the antenna unchanged.® 

The audibility observations were made by the test letter 
method already mentioned. Three wave lengths were used in 
the measurements: three thousand meters, six thousand meters 
and ten thousand meters. The inductance in the secondary C 
for three thousand meters was approximately twelve mh. At 
six thousand meters, observations were made with an inductance 

* In order to prevent false readings, if the signals are stronger than 100 
audibility it is necessary to ground one side of the observing telephones thru 
a suitable choke (pair of 2,000 ohm telephones) to prevent the effects due to 
the capacity of the observer's body. To prevent the breaking do;^!! of the 
oaciUations a high resistance (a hundred thousand ohms or more) may be 
placed across the grid condenser, or the grid may !>e grounded thru a condenser 
of a few ten-thousandths microfarad. 
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of twelve mh. and also with thirty-six mh. At ten thousand 
meters thirty-six mh. were used. 

In Table III the complete data for a set of observations at 
three thousand meters are given. Here D is the detector gal- 



TABLE III 

/ = 3,000 m. i? = 65 ohms. L« = 12mh. 
1 mm. deflection of Si detector galvanometer = 6.2(10) -• amp. in circuit B. 



D 

mm. 


VD 


i(ns.p.. 


W 


A 


i W. 

' io-j;«. 


2.3 


1.52 


9.4 


57.2 


2,500 


0.92 


4.0 


, 2.00 


12.4 


100.1 


3,000 


1.11 


2.0 


1.41 


8.7 


50.1 


2,000 


1.25 


2.2 


; 1.48- 


9.2 


55.2 


2,300 


1.02 


4.0 


2.00 


12.4 


100.1 


3,000 


1.11 

1 09av«™„ 



vanometer deflection, / is the current in circuit B, W is the watts 
in circuit By A is the corresponding audibility on the audion, 



The total resistance 



W 

and W is — or watts for unit audibility. 

R of the table is the resistance of theS circuit plus the resistance 
due to coupling the C circuit with the silicon detector attached. 
This sum amounts to 1.7 of the resistance of theB circuit alone. 
In Table IV the mean values of the power required for unit 
audibility for the given wave lengths are given. 

TABLE IV 



A 


L. 


w. 


meters 


mh. 


io-«„. 


3,000 


12 


1.09 


6,000 


12 


1.72 


6,000 


36 


1.55 


10,000 


36 


1.51 

1 45 Average 



Since the watts are proportional to audibility squared, and 
audibility is by far the least accurate of the observed quantities, 
the accuracy of the value of watts for unit audibility is not very 
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high. If we assume the error in the mean value of the audibili- 
ties to be 20 per cent., which is certainly great enough under 
the actual experimental conditions, the error in watts for unit 
audibility would be 40 per cent. We can then consider the prob- 
able minimum value of this quantity for our telephones and ob- 
servers roughly as 1X10"^* watts, and the maximum value 
2X10"*^ watts. The value found by the comparison of the 
oscillating and non-oscillating audions, 1.2X10"*' waits, lies 
within these limits. The E.M.F. produced on the antenna by 
the incoming waves, and the received <intenna current, which 
are from the theoretical standpoint the most important quan- 
tities derived from the observations in long distance work have 
the same error as the audibility readings. 

SUMMARY: After considering procedure and accuracy in the measure- 
ment of audibility by the shunted telephone method, the author gives an ar- 
rangement for calibrating a usual audibility box when it is employed in con- 
junction with an osdllating audion. The method is found to be accurate to 
better than 20 per cent., exactly as with other detectors. 

The absolute sensitiveness of the oscillating audion is found to be 
1.2(10)-^^ watts for a just audible signal. This is more than (10)* times 
the watt sensitiveness of the electrolytic detector and 6(10)^ times that of 
the normal audion on buzzer signals. 

The details of the measurements and the necessary precautions are de- 
scribed in detail. 
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DISCUSSION 

Edwin H. Armstrong: Dr. Austin's paper is naturally of 
great interest to me as I have often wondered just how sensitive 
the oscillating audion really was and how small an amount 
of energy was needed to give an audible response. To my 
knowledge, there has been no reliable determination of the 
absolute sensitiveness of this device, and for this reason it is 
very gratifying to have available the results of Dr. Austin's 
work along these lines. The method of calibration employed 
by Dr. Austin is somewhat involved and for this reason I would 
like to withhold comment on it until able to study it in detail. 

There is one matter, however, on which I would like to 
comment and that is the standard of audibility which is now 
in general use. Primarily when we speak of the audibility of a 
signal in a telephone we have the concept of the energy necessary 
to produce that signal. We would naturally suppose that when 
a telephone is supplied with four times the energy necessary 
to give unit audibility that the audibility of that signal would 
be four. Certainly the amount of energy which has gone into 
the production of sound waves is four times that necessary for 
unit audibility. But by the present standard, since the telephone 
current is only twice the value of the current necessary for unit 
audibility, the audibility is only two. This leads to an absurdity 
in the case of the oscillating audion receiver. One of the great 
virtues of this receiver, or in fact of nearly all heterodyne receiving 
systems, is that the energy delivered to the telephones is directly 
proportional to the received energy. But according to the 
present definition of audibility it becomes necessary to say 
that the audibility is proportional to the square root of the 
received watts! I again like to call attention to the treatment 
of this audibility question by Mr. Lester Israel (**Proceed- 
iNGS OF The Institute of Radio Engineers,'* Volume 3, 
1915, page 183), which covers the ground in complete detail. 

It is very difficult to appreciate the great amount of work 
involved in preparing such a paper as the one presented by 
Dr. Austin unless one has been engaged along similar lines. 
The number of experiments and tests which must be made before 
work can be begun on the main object is surprising and will 
never appear from the relatively few pages of 'Troceedings 
OF The Institute of Radio Engineers," in which the data 
are condensed. We are greatly indebted to Dr. Austin for the 
results of what must have been a long and tedious series of 
experiments. 
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Carl R. England: The audibility method of obtaining an 
estimate of the strength of radio signals is one of the same type 
as the ' 'transmission*^ one used in measurements on wire tele- 
phone lines. Both are convenient and simple, since the actual 
procedure differs so little from commercial working of the ap- 
paratus, and are very practical in the sense of requiring minimum 
apparatus and operator skill. The second method, however, 
is normally a comparison one, the unknown line (loop) being 
compared with a known and variable line and the "transmission 
equivalent'* is thus found, independent in great measure of the 
actual signal strength or detecting apparatus. There is in my 
mind no question that a similar transmission * 'coefficient*' is the 
logical thing to measure in radio work, though impractical at 

i. rnu ^- ^ watts radiated . , , - u 
present. The quotient ~— is as truly a circmt con- 

stant as the resistance of a piece of wire. 

However, while a measurement of the above /'coefficient'' 
is not feasible, a comparison of the strength of the unknown 
signal with that of a known signal is possible and it seems to 
me very much preferable to the normal audibility method. 
It is true that Dr. Austin's data give proof that working results 
are possible, but the shunted telephone in these days of sensitive 
detectors and amplifiers is electrically too far away from the 
antenna, where the quantity to be measured is located, to allow 
anyone to feel safe without recalibrating the apparatus so often 
that a comparison method might as well have been adopted at 
once. To use such a method requires only a local generator with 
current indicator and a network for supplying to the antenna 
a known fraction of this current. Taking for granted the prop- 
osition that most of the measurements required in the future 
will be on sustained wave signals, the construction of a simple 
suitable generator is admittedly solved by the vacuum tube 
oscillator and the subdividing network offers no serious dif- 
f culty. I should, therefore, like to insist both on the desirability 
and practicability of the comparison method. It can be made 
accurate enough to meet most requirements without sacrificing 
manipulative simplicity or low cost. 

May 26, 1917. 

J. Mouradian: One or two points suggest themselves as 
worth while mentioning in connection with Dr. Austin's ver\' 
interesting paper. In reference to the subject of percentage of 
error for observations made as to audibility, it has been the 
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writer's experience that for any given individual the maximum 
error of a single observation, under the ideal conditions of 
freedom from room noises and other disturbances, will Ukely 
be as high as fifty per cent.; the average error of a series of 
observation varying, under the same conditions, from five to 
fifteen per cent. As between different individuals, the writer's 
experience has not been as encouraging as Dr. Austin's, the varia- 
tion, as between individuals under the same ideal conditions of 
freedom from interfering noises, running as high as three hundred 
per cent. This figure was obtained for a group of five normal 
observers. Outside noises will seriously react upon the audibility 
for any given individual and to a different extent for different 
individuals. Under medium conditions of noise, such as obtains 
in the center of metropolitan areas, the audibihty will vary, 
as an average for a number of observers, between three hundred 
and four hundred per cent. It is conceivable that under the 
conditions of observation which probably obtained at the 
United States Naval Radiotelegraph ic laboratory in Washington, 
the audibility was not quite as seriously affected by outside or 
room noises. 

In reference to the second part of the paper, the interesting 
set of measurements indicated on table III as to absolute sen- 
sitiveness of the oscillating audion appear to be indicative of 
the amplification power of the oscillating audion rather than of 
its sensitiveness. The values shown for the ratio of watts input 
to the audibilities squared (which is proportional to the watts 
output) will vary with the type of receiver used, and is con- 
sequently not a particularly good characteristic figure, in so far 
as the oscillating audion proper may be concerned. It may also 
be a question whether the ratios indicated on the last column 
of table III will not vary materially, if instead of working within 
the audibility range of 2,000 to 3,000, a different range of audi- 
bilities had been used. 

May 30, 1917. 

Edwin H. Armstrong (communicated): Upon considering in 
greater detail Dr. Austin's method of determination of the 
absolute sensitiveness of the oscillating audion receiver, it appears 
to me that a matter has been overlooked which will tend to 
give a greater sensitiveness than really exists, and for this reason 
the following analysis is submitted for consideration. 

Briefly Dr. Austin's method is carried out in two steps. 
The first step consists in producing in an artificial antenna a 
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current from a local source and measuring this current by means 
of a calibrated rectifier and galvanometer connected in a secon- 
dary circuit which is coupled to the antenna to the critical 
degree (i. e., that coupling which gives maximum current in the 
secondary). The second step consists in replacing the rectifier 
and galvanometer by an audion with the usual regenerative 
circuits, adjusting the same in accordance with a pre-determined 
method and measuring the audibility of the signal thus obtained. 
On the basis that the received power in the antenna is equal to 
the square of the antenna current multiplied by 1.7 times the 
effective resistance of the antenna circuit and the fact that the 
audibility of the telephone signal is proportional to the antenna 
current, the power in the antenna for unit audibility is calculated. 

This calculation is based on the assumption that the power 
received in the antenna from the signaling source is the same 
whether the circuit coupled to the antenna contains a crystal 
rectifier or a regenerative tube. Because of a curious and 
valuable property of the regenerative circuit, the above assump- 
tion does not hold good, and the reason therefore will appear 
from the following simple treatment. 

Assume first a simple antenna circuit such as shown in the 
figure of Case I and represent the electromotive force set up 
by an incoming signal by an alternator giving a potential ^i. 

Case I 

R C L 




mm^^-^^^-wm^ 



h 



For resonance the current /i, is given by 

and the power supplied to the circuit by the source Ex is given by 

P,^Exh = i:^R 

Now consider that there is introduced in the circuit of case I, 
a second electromotive force E^ of exactly the same frequency 

2.J0 
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as El and for the sake of simplicity, exactly in phase with Ei. 
This is the case of the regenerative circuit, whether in the stable 
or unstable state, and it may be represented by the figure of 
Case II. El represents the signaling electromotive force and £2 
represents the final value in the steady state of the regenerative 
electromotive force.* 



Case II 




m^mr-\ 




In general practice the electromotive force E2 is introduced 
into the antenna thru the medium of the coupling coils and 
might therefore be shown across coil L instead of being shown 
conventially in series therewith. 

The new current h is now given by 

J El +E2 
and the total power P^ in the circuit by 

P2 = (Ei+E2)l2 

The total ampHfication of the power in the antenna by the 
process of regeneration is given by the ratio of Pj to Pi 

A=^= (^1 +^5:2) h ^ {El +^2V 



^/Ei+EjV 



The power P2 in the antenna is made up of two components; 
the power received from the signaling source which will be 
called P2 , and the power supplied by the regenerative action 
of the tube, which will be called P2''. 

P2 = E\ 1 2 

£2 =£^2 1 2 

* In receiving by the heterodyne method there would, of course, be a third 
electromotive force acting on the circuit. This applies whether the receiving 
is accomplished by a regenerative audion in the stable state with an exter- 
nal heterodyne or whether the regenerative circuit is adjusted to be in the 
unstable state and used as a self-heterodyne. This third electromotive 
force, however, is of a different frequency from the other two and need not 
l)e considered in matters affecting only the principle of regeneration. 
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Now it will be observed that the power P^ received from 
the signaling source when the local electromotive force E^ is actiTig 
is not the same as the power Pi received from the signaling source 
when the electromotive force E^ is absent. The power P2' is the 
greater, and the greater by an amount depending on the relative 
magnitudes of E2 and ^1. 

TT ^2 _ E\Ii _ E\ +E2 

Pi El 1 1 El 

The increase in power drawn from the signaling source is 
proportional to 

P2 — ^1 _ ^1 1 2 ~~Ei ii __ £'2 
Pi El Ii El 

The effect of the local or regenerative electromotive force E2 
is therefore to increase the power which is supplied to the system 
by the signaling source. A simple analogy is afforded by com- 
paring the work done by a single cell battery when it is connected 
alone in a circuit, and again when it is connected in the same 
circuit with a second and similar cell in series. The total power 
delivered by the two is four times that of the single cell; each 
cell by reason of the presence of the other in the circuit does 
twice the work it would if placed in the circuit alone.* 

It is obvious from the foregoing that when the crystal rectifier 
and galvanometer were replaced by a regenerative audion that 
the power in the antenna received from the signaling source 
was immediately increased by an amount approximately the 

ratio — ^. Hence the absolute sensitiveness as determined bv 
El 

Dr. Austin is too great by this ratio. As the ratio depends 

entirely on the adjustment, it is, of course, problematical what 

the error is, but from such measurements as I have made of 

the regenerative amplification occuring when the audion is in 

the oscillating state it would seem to be of the order of 1 ,000 per 

cent., altho it may readily be greater. 

* It is important at this point to consider the limitations of the foregoing 
analysis. It has been a.s8umed thruout that the electromotive force J5^i stayed 
constant regardle^ss of the amoimt of power drawn from the signaling source 
by the action of the electromotive force E^. In the case of an artificial an- 
tenna, such as used by Dr. Austin in his calibration, the assumption is strictly 
correct, as the power in the antenna is certainly very small compared to the 
power available in the wave meter circuit. But in the case of reception on a 
real antenna the proposition is not so simple, as the power available in the 
incoming waves ancl the power actually received by the antenna approach 
each other more closely than in the case of the artificial antenna just con- 
sidered. If it should so happen that the antenna constituted an overload for 
the energ>^ available in the waves, then the value of Ei will decrease and the 
foregoing considerations of the amount of amplification obtainable will not he 
quantitativelv correct. 
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Many measurements have been made of the power of received 
signals with an oscillating audion receiver having this faulty 
calibration and close agreement has been obtained between 
these measured values and the values obtained by calculation 
with the Austin formula. [Notably the reception of signals 
at the U. S. Bureau of Standards from Nauen and Eilvese, 
**Journal of the Franklin Institute," November, 1916.] It is 
very probable that this close agreement has been obtained 
because the same type of error occurs in applying any of the 
standard formulas to predict the current in an antenna to which 
a regenerative receiver is attached. The error in the calculated 
current is numerically equal to the error made in the calibration 
of the receiving set (on the basis that Ei remains constant) 
and of the proper sign to give compensation. For example 
take the Austin formula 

_ 0.0015 r/ 

This formula was derived from experimental results obtained 
with crystal and electrolytic detectors. As long as the electro- 
motive force produced in the antenna by the signaling \yave8 is 
the only electromotive force of that frequency in the circuit the 
formula is applicable, but with the use of regeneration the current 
in the antenna becomes many times that given by the formula, 
the increase being given by the ratio Ei which it is clear is the 
same as the error in the calibration of the receiver. The formula, 

El for use with regenerative circuits, may be written 

omiofi 0015 fi 

J 377hihJs. Va ,E2S77h,h2ls~ ^I 



?.dK ' Ei IdR 

) 0.001 5 d 

^77 hihJs.'-^K 
)jlR 



r/.= (i 



On account of the presence of the electromotive force E2, 
it l)ecomes necessary to use terms in their proper sense and the 
term ^'received current'* should particularly be avoided, since 
its use will give rise to all sorts of difficulties. The electromotive 
force due to the incoming waves and that part of the power in 
the antenna which is actually drawn from the energy of these 
waves are the only quantities which can properly be termed 
"received. *' In terms of current and the effective resistance of 
the antenna the received power is given by 



(■4;) 
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and the power supplied by regeneration by 



„ r.^ 1 



(-D 



As a general proposition, in view of the difficulty of obtaining 
the value of the ratio of £2, or of maintaining it constant by 
means of so delicate an adjustment as is necessary with the 
regenerative circuit it would appear preferable to make measure- 
ments of received power with a simple vacuum valve detector 
and an external heterodyne properly arranged to prevent re- 
generation. While the sensitiveness of this arrangement is not 
so great, it is a very constant quantity and it can be correctly 
calibrated by the method described in Dr. Austin's paper. 
In conclusion, I would like to state that such modifications as 
have been made of the Austin formula are quantitatively correct 
only as long as the electromotive force induced in the antenna 
by the signaling waves stays constant. Until data is available 
as to what extent regeneration on an efficient antenna can be 
carried without overloading the signaUng waves quantitative 
relations are problematical. 
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Introduction 

Many investigations have been made in order to elucidate 
the working of the Duddell-Poulsen arc. Besides the papers of 
Duddellf ^ 2, and Poulsen^, ^j I shall mention only a few of the 
most important contributions. A long series of papers con- 
tributed by H. Th. Simon^, <', ^, and his school (H. Barkhausen^ 
G. Lange®, M. Reich^°, K. W. Wagner", and many others) 
have thrown much light upon the subject. A. Blondel^* has 
made a very interesting oscillographic study of the Duddell arc. 
Of investigations of a more general character, but bearing on 
this subject, I may mention G. Granqvist's" papers on the 
influence of the heat conductivity of the electrodes on the 
behaviour of the arc, and the arc theories put forward by J. 
Starkl^ 1^ J. J. Thomson,*^ and by C. D. Child.»«' 

Thru the above mentioned papers and several others, some 
knowledge has been gained relative to the main features of the 
Poulsen arc — but this knowledge is far from being complete. 
The effect of the magnetic field, for instance, has not been 
explained so far in any satisfactory way, the current explanations 
being incomplete and very often misleading. A really satis- 
factory theory of the operation of the Poulsen arc does not exist 
at present, a satisfactory theory being one which will enable 
the calculation of the results, the necessary data being given. 

It is, in most cases, impossible to state, even qualitatively, 

t The figures refer to the bibliography given at the end of the paper 
The notation u^5ed in this paper is also tabulated at the end of the paper. 
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by means of the present ''theory,'* what will be the result of a 
change in one or more of the constants of the arc circuit or of 
the arc itself. That others are also feeling the insufficiency of 
the present theory appears from a paper by A. O. Liljestrom^^ 
(of which see especially part 1). 

While in spite of very extensive labor in this field, nothing 
truly satisfactory has been reached, such a state of affairs is 
mainly due to the great difficulties met with in analyzing oscilla- 
tions of such high frequencies — that is, in obtaining reliable 
oscillograms of the potential difference and current. The 
investigations have, therefore, generally been limited to the 
Duddell arc at low frequencies, usually around 300 to 1000 cycles 
per second. An exception to this statement is found in some 
records made by means of the Braun tube. H. Hausrath^^ has 
described a method in which the rays of a Braun tube are made 
to describe some kind of a stationary Lissajous curve under the 
influence of the potential difference or current in the arc circuit, 
and in a secondary circuit in resonance for the high or radio 
frequency current and loosety coupled to the arc circuit. The 
shape of the Lissajous curve gives, then, the necessary informa- 
tion for drawing up the voltage and the current curves. Ex- 
perience shows, however, that a loosely coupled secondary circuit 
may greatly affect an arc generator — causing, for example, 
considerable variations in the frequency. The explanation of 
these phenomena is indicated by P. 0. Pedersen^*. Furthermore, 
this method necessitates a comparatively long time of exposure — 
20 seconds or more — so that the Lissajous figure gives only a 
sort of average curve for several million cycles. Finally, the 
currents used are of such small value — the maximum being 
3 amperes — that these investigations are of little value so far 
as the normal Poulsen arc is concerned. (See below.) Besides 
those mentioned, other circumstances have also contributed to 
the lack of success of the efiforts to unravel the theory of the 
Poulsen arc. Nearly all of the above mentioned investigations 
have been carried out with comparatively small laboratory sets, 
using very small energy — the feeding current usually being 
only a few amperes. It is a fact, however, as will appear from 
the following, that in many -respects simpler relations are 
found in the larger arc generators, carrying heavy currents, than 
in small ones. The operation of small and large arcs is rather 
different; and for this reason, many of the previous laboratory 
investigations are of little value for testing the theory of the 
Poulsen arc. 
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During some years I have had an opportunity to carry out 
several investigations in connection with the Poulsen arc, and 
in the present paper I shall report some of the results obtained. 
After a short description of the apparatus and arrangements 
used, the paper will be divided into two parts: A and B. The 
first — A — deals briefly with the theory of the Poulsen arc 
from an engineering point of view. In B I shall attempt to 
develop further the theory and comprehension of the arc; and 
particularly to explain the results obtained under A and the 
influence of the magnetic field. On several points y I shall arrive 
at results differing considerably from those so far obtained. 

Most of the investigat ions were carried out in the Laboratory 
for Telegraphy and Telephony of The Royal Technical College 
in Cop)enhagen. I have had excellent assistance from engineers 
J. P. Christensen, H. Trap-Friis, and E. Jacobsen in carrying 
out the tests and exp)eriments, from engineer Hugo Fortmeier 
while working out the paper and the drawings, from the mechanic 
at the laboratory, Folmer Nielsen in all the photographic work. 
I especially desire to thank Dr. Poulsen for the great interest 
he has taken in this investigation. 

Apparatus and Arrangements 
Figure 1 shows a schematic diagram of the arc generator, 
while Figure 2 is a more explicit diagram of the arrangement 
used. Figure 3 is a photograph of the arc generator employed, 




Figure 1 — Duddell and Poulsen Arc 

sketches of the electrodes being shown in Figure 4. The anode 
is of copper, hollow, and water-cooled, while the active part 
of the cathode is formed of a carbon ring d, screwed on to a 
copper rod a, which is slipped into a brass tube 6. P indicates 
one of the pole pieces of the electromagnet creating the magnetic 
field in which the arc is placed. The direction of the field is 
arranged so as to force the arc upward, and its intensity, ff , is 
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measured with a Grassot fluxmeter. The distance between 
the electrodes can be accurately regulated by rotating the hard 
rubber cylinder, visible in Figure 3, thus displacing the cathode. 
The starting of the arc is effected by pushing on the thinner 
hard rubber pin protruding thru this cylinder. The cathode is 
rotated slowly by means of the small electric motor also visible 
in Figure 3. The actual distance between the electrodes is much 
less than shown in Figure 4 — being approximately one milli- 
meter (0.04 inch). 



^^—WSSMtJ^FUS> 




Figure 2 — Complete Diagram for Arc Used in the Experiments 

The capacity C in the arc circuit was composed of one or 
more oil condensers (containing castor oil), four of these being 
available and each one having a capacity of about 7,300 cm. 
(0.00811 microfarad). The inductance L was 70 turns of a 
copper helix of 5 mm. (0.2 inch) bare solid wire wound on a 
hard-rubber frame. The total inductance was 1.3 x 10* cm. 
(0.0013 henry). The resistance R in the arc circuit was made 
of carbon rods, its design being shown in Figure 5. The effective 
resistance of the arc circuit, with the carbon resistance short- 
circuited, was between 0.5 and 1.0 ohm; but as the work here 
considered is not intended to deal with efficiency determinations, 
R does only signify the value of the inserted carbon resistance 
when speaking about the experiments, altho it means the total 
effective resistance of the arc circuit in all theoretical calculations. 
The choke coils were made of stranded copper cable with a total 
inductance of 0.1 henry. 
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For power supply, there was used, according to circum- 
stances, either 220 or 440 volts from the city supply, and for 
the magnetic field a local 110 volt storage battery was used. 
In most cases, the arc was burned in coal gas taken right from 



Figure 3 — Photograph of the Arc (Jenerator 



the city pipes; but in a few cases hydrogen was used, compressed 
in steel containers. Where the latter is the case, it is always 
pointed out in the description of the experiments. 

For the greater portion of the exporiments, one pole piece, P2, 
and the corresponding coil, as shown in Figure 6, were removed 
and the hole in the arc chamber covered with a mica window, 
g2, thru which a side view of the arc then could be photographed 




- C ft* + 



U i J i U 
Figure 4 — Gross Section of the Electrodes 
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by means of the lens, £2, the shutter, L2, and the photographic 
plate, FP2. The lid of the chamber was provided with a projecting 
cylindrical portion with a mica window, ^1, on its top. Thru this 
window, by means of the lens, Bi, the metal mirror, Sp\, and the 
shutter, Li, either a stationary crater picture could be photo- 
graphed on the plate, FPi, or — when using the rapidly rotating 
metal mirror, Sp^ — the varying states of the crater and the arc 
could be photographed on the plate, FP3, with the time as abscissa. 
The latter kind of pictures will in the following be called crater 



Figure 5 — Carbon 
Rod Resistance 



oscillograms. The rotary plane mirror was from a Gehrcke 
cathode glow oscillograph (see, for example, J. Zenneck, ^*Lehr- 
buch der drahtlosen Telegraphic," 2nd. edition, 1913, Figure 8, 
or Zenneck-Seelig, "Wireless Telegraphy," 1st. edition, 1915, 
Figure 8), and also the bibliography, numbers 25 and 6. This 
oscillograph was also employed when taking the oscillograms 
of the potential difference on the arc, as described later. The 
mirror could be rotated as rapidly as 200 revolutions per 
second. 
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1. a. Ratio OF Radio Frequency Current TO Supply Current 

The only way to deal with the Poulsen arc, until a satis- 
factory theory has been evolved, obviously is to establish some 
empirical relations between the effective values of the different 
currents and voltages. The first question of interest is, then, 
how the ratio g between the effective value of the radio frequency 
current / and the feeding current /«* is affected by the con- 
stants of the circuit, the design of the arc, the primary voltage, 
and other circumstances. K. Vollmer" is probably the only 



//^ 




Figure 6 — Sketch of the Photographic Arrangement 



investigator who has published anything with regard to this 
question. Working on wave-lengths from 300 to 1,915 m., and 
with a supply current of from 1 to 7 amperes, he found ^=0.77. 



The characteristic of the arc circuit 



-v? 



was between 30 and 



1,300 ohms. W. DuddelP found g = 0.90 when Io = o amperes, 
J. A. Fleming^' ^ = 0.63 when /o = 8 amperes, L. W. Austin", 
found ^ = 1 when /o = 4 amperes with ^. = 3,600 m. and = 4.5 

*For the notation used in this paper, see *Tist of Symbols," page 315 at 
the end of the paper. 
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ohms, while Fassbender and Hupka^® found g = 0.S3 when /^ 
= 1.1 amperes, / = 3,180 m. and p = 567 ohms. 

For the normal Povlsen arc — by which I mean an arc that is 
working with at least 10-15 amperes d. c. with A= 1,000 m. or 
more, and a value of o not less than 50 ohms — this ratio has 
the value 



9 



= ^1=0.707. (1) 



Under t^uch conditions as are generally to be found in the larger 
arc stations, or when using similar laboratory arrangements, 
the formula (1) holds good with such accuracy that even with 
the best engineering design of ammeters for radio frequency 
current, no disagreement can be found. Near the above mentioned 
limits, and after passing them, g will assurne higher values, 

h. Calculation of Supply Current or Voltage 

Calling the effective resistance of the arc circuit fl, the primary 
voltage Vo, and the efficiency factor of the arc 7, we have 

or 27F, = /,ft (2) 

The value of 7 is not constant but will, in practice, be known 
approximately, and the formulas (1) and (2) then provide a 
very simple method for dertermining the values of Vo and /« 
necessary for producing a given radio frequency current /. 

2. a. The Most Advantageous Adjustment of the Arc. 

Another important consequence of formula (1) is this: 
As the ratio g is constant^ the arc must give maximum of efficiency 
when Vo is a minimum. With the arc burning on a power 
supply of voltage ¥„, and with a constant resistance in the d. c. 
circuit, the arc must consequently give a maximum efficiency 
when If, (or /) is a maximum. In order to obtain the maximum 
of I under given circumstances ^ a certain distance between the 
electrodes and a certain value of the magnetic field is required, 
and these values are greatly dependent on the constants of the circuits. 
Arc generators are therefore built so as to allow adjustment of 
the distance between the electrodes, and with a variable magnetic 
field. The arc is not active until pulled out to a certain critical 
length — for shorter arc-lengths, it works as an ordinary d. c. arc. 
Having reached the active length, however, the arc can be short- 
ened a little without losing its activity (see V. Poulsen*', page 966) . 
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The arc then gives maximum current / with as short a distance 
as possible between the electrodes; i.e., the critical distance 
or a little less. By increasing the distance, / will decrease and 
finally the arc is extinguished. Similar conditions exist with 
regard to the magnetic field. The arc works most efficiently unth 
a field just strong enough to keep it steady; but this question will 
be taken up later in this paper. 

6. The Conversion of the Arc from the Inactive to the 
Active State 

It appears from the preceding that the arc generator either 
is active and supplies a radio frequency current equal to or 

larger than ^- /o> or does not operate at all (that is, is inactive) 

The r. f. current does not start as a small fraction of the value 
of lo and then gradually increase as the conditions improve. 
It is therefore easily understood that even comparatively small 
changes in the condition of the arc can be the deciding factors 
as to its ability to operate as a radio frequency generator, since 
such small changes may just carry it past the critical point. 
This explains why it can be of such vital importance that the 
arc should burn in hydrogen instead of air, even tho the dif- 
ference between these two gases in most other respect is only 
of a quantitative nature. 

B 

3. Arc Theory Based on Barkhausen's Simple Character- 
istic 

The present view with regard to the working of the arc 
generator has been crystallized in the theory of Barkhausen**, 
based on his idealized simple characteristic shown in Figure 7, 
and only this theory has such a concrete form that the problem 
can be dealt with mathematically. Most modern literature 
dealing with the arc theory is therefore also based on Barkhausen's 
simple characteristic (see, for example, pages 260-293 in the 
excellent book by Zenneck, mentioned above). For the sake of 
brevity in the following discussion, we shall call this view the B- 
theory, 

A question of immediate interest is, therefore, whether the 
value of the ratio g found above is in accord with the conse- 
quences of the B-theory or not. Before investigating this 
question we will, however, draw some mathematical conse- 
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quences of the B-theory, using the symbols indicated on Figures 7 
to 9, the meanings of which are further explained under 
"List of Symbols" at the end of this paper. Figures 8 and 9 



^4 






E. 



Figure 7 — Barkhausen*s 
Simple Characteristics 



show the current thru the arc and in the r. f. circuit and the 
voltage across the arc and the condenser, the calculations being 
based on the characteristic shown in Figure 7. In Figure 8, 
ft = while in Figure 9, ft > 0. 

In the following, it is assumed that the choke coils in the 
supply cables are so great that the supply current /© is constant, 
and this is correct practically. 

For the sake of clearness, we will first take the ideal case with 
no resistance in the arc circuit. 

a. fi = 

While the arc is burning, the current in the radio frequency 
circuit is (see Figure 8) 

i = I„,8in{iOot-<l>), 

where 1 

While the arc is extinguished is i= — 7^. The time is reckoned 
from the moment I'l begins, i. e., the instant the arc is struck. 
For / = 0, we have, then 
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consequently 



sin ^ = 



/« 



(3; 



The potential difference across the condenser e is detennined by 

(4) 



a t 




FuiURE S— Current and Voltage Curves Cor- 
resiM)nding to Barkhausen's Simple Charac- 



terLstic /? = 



where o is the voltage of the arc. Equation (4) assumes two 
different forms according to whether the arc is burning or ex- 
tinguished. Those forms are respectively 

e=E,+o)^LI^cos {wot-<t>), (.5a) 

when the arc is burning, and 

€ = eu (.5b) 

when the arc is extinguished. 
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For / = 0, we have further 
therefore, in consequence of (5a), 

E, = iOoLImC08<t> = Ol^C08<l>^oVlJ'^I,^, (6) 



or 



r 



-^t 



Figure 9 — Current and Voltage Curves Cor- 
responding to Barkhausen's Simple Charar- 
teristic R>0 



E 1 

where ^*=-t and tan(t>= • (8) 

The period T can be divided into two parts: the burninj? 

period Ti and the extinguished period T2. Calling the natural 
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o — 

period of the radio frequency circuit r<,= -. we have (see 

Wo 



Figure 8) 






and 7. r,=C (£•.+£,-£.) =2C£:., 

or Tt = 2C-^'=2w,LC^ = 'fcol<l>. (9) 

The ratio /o between the actual period r = ri+r2 and the 
natural period r^ is consequently 



fo-'^^y^+l{<t>+cot4>) = \ + l{ian-'\+ky (10) 



We have 



'«""1=|-^+l*'-^'+ • • ■ 



which, inserted in (lO), gives 

/<.=i+f -f + • • • (11) 

Figure 10 shows the value of /<, as a function of k. It ap- 
pears that only for values of k larger than 0.2 do we find fo 
deviating noticeably from the value 1. 

The ratio Qo between the effective value / of the current in 
the r. f. circuit and the d. c. /<, is determined by: 

-- . f''l„*-sinH">ot)-diwj) 

lOo Jo 

+- • r*/«' stV {<oj) • d {Z,t) +Tt I* 

(00 J « 



ffo' = 



To Jo i o 



Ij(^+^-^8in2^2I*cot<l> {l+k*)(^^+<l>^+k 



2;r/o7o' 2nfo 

i+k^-- — ^!_— y 

^+<aii-»i+fc/ (12) 



Figure 11 shows how g, is dependent on k. 
For small values of k, (12) becomes 



>=>/^(l+fc') = (l + |fc')V|' (13) 
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or, if we can cancel -k^ as small compared to 1, 



g. 



= ^1=0.707. 



For small values of k, the value of Co is very nearly equal 
to this limit. 






* 



Figure 10 — Ratio of the Period of the R. F. 

Current to the Natural Period of the R. F. 

Circuit. (With the parameter k as abscissa) 



By inserting the value of k taken from (8) in (12), g<, is 

obtained as a function of p, and this function is shown in 

Figure 12. 

We find without difficulty that Qo — \- for -^=1. and 

>'2 /„, 

that the tangent to the curve in this point makes an angle "^ 
with the axis where tan if" = ^\o' 



Digitized by 



Google 



For values of y^ not differing considerably from 1, we have 



with a good degree of approximation (see Figure 12) 



(14) 
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Figure 11 — Ratio of the Effective Value of R. F. Current to 
the Supply Current. (With the parameter k as abscissa) 



h. R>0, 

While the arc is burning, the current / in the r. f. circuit 
. can be written 

i = /^-s-«'.sm(o./<-<A) (15) 

When the arc is extinguished, i = — Z^. 

For / = 0, both cases give the same value of i, namely, 
1= — /o- Consequently we have 



^'■'^*^=/';=vr+p- 



(16) 



While the arc is burning, the potential difference across the 
condenser is determined by: 

e=Et+Ri+E„ ■ i-"cos (10/ t-<t>-x). (17) 

As i is the discharge current of the condenser, we must 



have 



-i=C • 



de 
dt' 
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consequently 
I„sin{<o/t-<l>)^CE„[>ccos{(oJt-<t>-x)+<o,'sin(wo't-<t>-y_)]. 

From this we obtain the following approximate formula: 

E„ = ^I„ and tan-/==—- (19) 



2o 



X<^ 



Figure 12 — Ratio of the Effective Value of R. F. 
Current to the Supply Current. (With the Ratio 

-^ as abscissa) 



As the arc is supposed to strike or ignite just as / = 0, the fol- 
lowing equation must be satisfied: 

E, = hR+E„- cos {<!>+■/). (20) 

Herein 

cosi<f>+x) = —^ / • -. (21) 

and, inserting this in (20), we obtain 

E. = k,o„Lh+]^Rh. 



Digitized by 



Google 



.-_^/^-«U-^-- (22) 

In most cases, (22) may be written 

jk = A. (23) 

Determination of the Period. 

The time during which the arc is burning is, as above 
stated, Ti, that during which it is extinguished, 72, and the 
complete period T is therefore T = Ti+T2. 

For the determination of T2, we have 

,.n.C(E.+B.-K).Lc[(f-;),.„-f^),.J. (24) 

Here we have 

L^=I„LWcos{wJ-<t>)-'^sin{<o/t-<t>)]s-'", (25) 
d t 

and therefore 

E,^L (ii) -^ImL {ioj co8<i>+^ sin<t>), 
\at/ t^o 

and 

E^-E,^l(P) ^lM<o/cos{<o/T,-^)^Ksin{w\T,-<t>)] 



g-KTl 



The moment of extinction Ti is determined by 

or sin4>+^-''''sin {<ojT,-4>) =0. (26) 

From the expression for E, and Ea-E^ we obtain when 

using (26) 

E,-^{Ea'-E,)=<ojLlAcos^-^-''''cos(w/T,-^)l (27) 

We have very approximately loj =^<Oo, and we will always use 
this approximation in the following discussion. The last equa- 
tion then reduces to 

T2 = — K-i • [cos4>-e-^'^'cos{iOoTi-4>)]' 
(OoSinfp 

The ratio / between the period T of the radio frequency cur- 
rent and the natural period r^ of the r. f. circuit is consequently 
determined by: 

T^Tr+T,^l_ Lj.^+^i^_c2<^^'^) . e-'A. (28) 
•' To To 2;r\ sin<t> I 
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The period T is hereby determined as a function of Ti, and 
therefore this last quantity must be determined, which Is done 
by solving the transcendental equation (26). In order to ob- 
tain an idea of the necessary accuracy with which this equation 
must be solved, we will calculate the differential quotient of T 
with regard to Ti, that is 

^=1+--.— 7 • ['Ccos{,OoT,'-<t>)+co,8in{cOoT,^4>)].B-'^''^ (29) 
dl 1 Wo sm (f> 

which, by using (26), can be written as 

dT^^/c cos(<OoTi-j>) ^_,T, ,g^x 

d Ti (oo ' sin <A * ^ ^ 

where the last factor is less than 1 , so that 

§<--'■ (31) 

ail (Oo ^ TT 

Accordingly no very minute determination of Ti is necessary. 

For Ac = 0, equation (26) is satisfied by WoTi-7r+2(f>y and 
we therefore put 

iOoTi^7:+2(f>+P, (32) 

in consequence of which (26) can be written as 

cosP+sin p' cot <f> ==£'''' (33) 

Generally P will be small, and if so (33) takes the form 

/5=(;r+2^) . - . ton^, (34) 

(Oo 

K 

where the square and higher powers of P and — have been neg- 

(Oo 

lected. In the derivation of (34) it is further assumed that 
— /an 0<3C1. As ton can assume large values, this term 

(Oo 

must be specially examined. We have 

- • tan 9 = r -— • 
(Oo k2o 

We will find later that the B-theory can be employed only 

when k > -^6—, and inserting this value in the above equation 
we obtain 

*.ton<^<lJ^ = lJ|. (35) 

Wo 2\ 6? 6 \2 ^ ^ 
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The valut; of P as determined by (34) gives, therefore, in gen- 
eral a sufficiently close determination of Ti, 
In consequence of (28), we have 

,o,T = ioJ,+moTt='ioJ,+cot<f>+^'^^y^ . s-"^' (36) 

sin(p 

Using (32) and (34), we obtain from (36) the following ap- 
proximate formula for T: 

tOoT-=z+2<f>+2cot<f>-{z+2<f>)- ' cot<f>, 

Mo 

and correspondingly 



f=' ='+^ + 'cot<i>-(\ + 'ty cot<i>, (37) 

To ^ 77 TT \^ 77/ I 



T 1 . <^ . 1 . .^ /l . ^\^ 

To 

or approximately 



so that / in practice differs only slightly from/^ which is shown 
in Figure 10. 

For the value of fif= we find, after some calculations, the 

io 

following approximate formula: 

^ il+4>-\sin24>+{z+24>) '^ tan<f>) 
sin<p\2 2 Mo / 

+2co/^(l-/ (r+2^) \\ 

\ 2 Mo C08^ 91 



^*= 



0)o 



This equation is quite analogous to (12), so that g can be de- 
termined with sufficient accuracy from the curve shown in 
Figure 11. It appears that the numerator of (39) is ex- 
actly the same function of sin<t>= "* as for /?=0. According 

I m 

to (38), / is very nearly equal to /o, and consequently the fol- 
lowing approximate formula, analogous to (14), holds good for g: 



'-(-fe)4 



(40) 
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c. The Parameter k. 

In the preceding, we have introduced a parameter t/ and 
assumed this parameter to be small — at least smaller than 1. 
If the constants of the arc-circuit are given, the B-theory itself 
does, however, put a limit to the value of k. This is easily 
seen thus: The condition for using Barkhausen's simple char- 
acteristic — or, put otherwise — a condition for producing oscil- 
lations of the second type is, according to the B-theor>% that 
the arc current drops to zero, i. e., that the first minimum 
value of the arc current, /i.^m is ^0. With suflSciently close 
approximation, we can put 

/l,m.n = /o + /m • ^-''Sin {0JJ-<I>), (41) 

3 

where ^Oot is given the value <A+rt^, which, inserted in (4l)' 

gives 

/....,.=/.-/oVi+fc* • r^"»^2'+*> (41,) 

Having that /i,^,„ <^0, we get 

l+k^>s^^^'^*^ (42) 

The exponent in this expression always being small, we may 
write (42) as 

A:=>>|(|.+*)f- (42.) 

A condition for the use of the simple characteristic is therefore 
that, with suflScient accuracy for this purpose 



'iV«! 



(43) 



In consequence whereof, the ignition potential difference 
must satisfy the following relation: 

Es>Io(^^^9R + \Ry (44) 

The relations derived from the B-theory in this part of the 
paper have all been of a merely formal nature. In the following 
part, we shall examine whether the relations obtained agree 
with experimental results as far as the Poulsen arc is concerned. 
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4. Comparison of the Consequences of the B-theory with 
Experimental Results 
We found previously that the parameter k, according to (43) 

must be larger than ^6 . If, for example, we put /J = 5 ohms 

and ? = 60 ohms, we obtain fc>0.71, which according to Figure 11, 
corresponds to ^>0.83; while g for the Poulsen arc actually is 
very nearly equal to 0.71. To this experimentally obtained 
value of g correspond, in consequence of the B-theory, very small 
values of /:, at any rate not greater than 0.15, since g for larger 
values of^ fc, according to that theory, diverges rapidly from the 

value -%/ • i4s, however ^ the application of the B-theory determines 

a minimum value of k which is much larger^ that theory is not in 
harmony with the experimental results. 

The B-theory requires further that the **striking'' or ignition 
voltage of the arc is at least equal to the value of E, as determined 
by (44); but on measuring the maximum voltage across the 
arc by means of a micrometer spark gap — in series with a small 
condenser so as to avoid short circuiting — much smaller values 
are found. Thus for lo -20 amperes, R = S ohms, and ?=400 
ohms, to which, according to (44), corresponds an £, = 1,730 
volts, a spark gap as small as 0.01 mm. (0.0004 inch) was needed 
in order to obtain regular sparking. The gap was exposed to 
ultra-violet light from an arc. Consequently the maximum 
voltage is nearly the same as the critical voltage, that is, about 
380 volts. The normal voltage for striking the arc is, therefore, 
far below the value found above, namely 1,730 volts, a fact also 
verified later on. This applies to the normal Poulsen arc with 
a normal distance between the electrodes which is nearly equal 
to the minimum critical distance (see section 2a). If the distance 
is increased as much as possible, the spark length increases up 
to 0.14 mm. (0.0057 inch) under the said conditions. This 
corresponds to a striking voltage of about 1,100 volts, which is 
considerably nearer the requirements of the B-theory, and 
later on we will see that the conditions existing when excessive 
arc lengths are used are in accordance with the B-theory. 

5 a. Reasons Why the B-Theory is not Applicable to the 

Poulsen Arc 

The foregoing discussion shows that the B-theory does not 

apply to the normal Poulsen arc. On the other hand, there can 

be no doubt that the two most pronounced features of the 
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characteristic shown in Figure 7 — the comparatively high ignition 
voltage and the low voltage while the arc is burning — are es- 
sentially in agreement with the actual conditions. But there is 
a third feature of the arc phenomenon, which is missing in 
Barkhausen's simple characteristic, namely: the comparatively 
high voltage across the arc during the extinction. The simple 
characteristic of Barkhausen presupposes that the arc is ex- 
tinguished on the lower voltage which exists while the arc is 
burning; but it is well known that this is not the case. The 
voltage during the extinction is often considerably higher (see, 
for example, A. BlondeP^). When Barkhausen omits any 
reference to the extinction voltage, his motive is, no doubt, 
to simplify his characteristic. On the other hand, such an 
ideal characteristic is of value only if the results derived by 
means of it are in fair agreement with the actual conditions. 
For the normal Poulsen arCy we have shown this not to be the case; 
and it will appear from the following that the reason why is that the 
extinction voltage is of very great importance in connection with the 
action of the normal arc generator. It will also be shown that the 
Barkhausen characteristic, under certain circumstances, repre- 
sents the actual conditions with a good degree of approximation ; 
but these circumstances, tho often present during laboratory 
experiments, are never to be found in the normal Poulsen arc. 

b. Extinction of the Arc 

We will now examine the conditions in the arc during ex- 
tinction. In Figure 13, the curve abcde represents the current 
thru the arc, assuming this to be struck at a, and thereafter 
burning on the constant voltage E^, The equation for this 
current curve is then 

ii = Io+I„,e-^'sin{ioJ-<t>), (45) 

In this case, where the arc current does not fall quite to 
zero, according to the B-theory, the current curve would con- 
tinue past the point d as a damped harmonic oscillation gradually 
dying out, the arc current becoming fairly constant until the 
magnetic field extinguishes the arc again and a new oscillating 
discharge takes place. 

The conditions are, however, somewhat different in reality. 
When the arc current has decreased to a certain low value /i^ — 
in Figure 13 assumed to be at the point c — the voltage across the 
arc will commence to increase noticeably. The consequence 
of this is a more rapid dropping of the current than the curve cd 
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indicates, and the more the current decreases, the more the 
voltage rises in. consequence and the steeper in turn becomes 
the drop of the current curve. If the arc current decreases at 
all to the value h^, whereby the voltage at extinction com- 




Figure 13— Conditions for the Extinction of the Arc 



mences to influence it strongly, the result will generally be that 
the arc is extinguished. We will now deduce the conditions 
for a drop in the arc current to a value of Ii=^aIo or less, 
where a <C1 . The condition for this is 



or 






(l-a)5-£' '2 ''<\+k\ (46) 

For the normal Poulsen arc a will always be a compara- 
tively small quantity, and as usual R<3C?. From (46) we 
can, therefore, derive the following approximate formula: 



f(|-+<^)<2a+fc^ 



(47) 
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Here ^ is a little less than '^i while k^ generally is consider- 

ably less than 2 a. Equation (47) can, therefore, be replaced 
with suflScient accuracy for the present purpose by 

3- <a or Ii'>3Io- (48) 

According to (48) the extinction voltage must necessarily com- 
mence exerting its influence when the arc current has decreased 

R 

to a value larger than— or at least equal to — 3/o — . Only when 

this is the case will the arc extinguish once for every period, and 
only then wnll regular and continuous radio frequency oscillations 
be obtained, 

c. Integral Value of Extinction Voltage. Determination 
OF ITS Minimum Value 
It is even more important to examine what integral value the 
extinction voltage must at least assume in order to blow out 
the arc, when by the integral value is meant V—J* {ci—Ei^dt, 
where the integral is extended over the entire time it takes to 
blow out the arc. We do, however, meet here the diflScuIty 
that the law according to which the extinction voltage varies is 
unknown; and, as the experimental determination of it is very 
difficult, we cannot consider it on this occasion. Since, how- 
ever, the main object is to reach a qualitative understanding of 
the phenomena, we will proceed so that we determine the smallest 
value which V can assume under the given circumstances. 
For this purpose we commence by determining the angle /J 

which the tangent forms with the axis of abscissas at the point c. 

3 
Using the symbols as in Figure 13 and with c«;o< = ^;r+<^ — "^^ 

we have . ^ Id i\ 

tan p^ -(-,-] 






(49) 



At the point c the value of the arc current is 

I,' = h (l-Vl+kHosylre-^Ah+'^-*)) . (50) 

At this point c (Figure 14), where the arc current has the 
value Ii*f the current decreases with the velocity 

dii 



^^=tanp. 
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Between the voltage across the arc and the condenser voltage 
we have, according to (4), the following relation 

dii 



€\ = e-L 



dt 



(51) 



where we do not consider the voltage drop caused by the re- 
sistance of the radio frequency circuit, as this is unimportant. 




Figure 14 — (Current Curve during the 
Extinction of the Arc 



As the blowing out of the are commences just at the point 
c, we have (Figure 14) 

(ei)t^o=Eb={e)t,o'-Lianp. (52) 

We assume now, for the sake of simpUcity, that (^= j is 

so small a quantity that we can, with sufficient accuracy, 
consider the current charging the condenser to be constant 
and equal to /o, during the entire time taken to extinguish the 
arc. With the normal Poulsen arc, this is practicalh' the case. 
The voltage across the condenser while the arc extinguishes 
is then determined by 



and consequently we have 



(53) 



(54) 



*"'' r=f"(e,-EXn=Y^Ui°'+f^U"lanfi+LI,\ (55) 
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where i\" is the time taken to extinguish the arc. From (54) 
it is seen that U is dependent only on the conditions when the 
extinction begins, the time this lasts, and finally the constants 
of the radio frequency circuit; while independent of the degree 
of progress of the extinction. 

U will have the least possible value for 

ii^ ^7 ' lanft, (56) 

and r„.„ ^Lh'-l ^.fan^p. (57) 

If, inserting herein the values of tan p and Ii\ given in 
(49) and (50), and also assuming — which is the case in prac- 
tice — that l)fc*«l, 2)*^ is so small a quantity that, with 

sufficient accuracy, we can put sin'^—'^ and co8'^ = l— - i 
3)'^»--, we obtain this simple approximate formula for 

^ mm* 

or, as <l> is slightly less than ^, we obtain, with sufficient 
accuracy, 

C/m.„ =-/<,«. (59) 

(Oo 

At the same time, we obtain for U** the approximate value 

ti'=-' (60) 

0)o 

The least average rise in voltage P during the extinction is 
therefore determined by 

^=-Uo" = l-IoR- (61) 

6. Outline of the Working Principles of the Poulsen Arc 

We shall now deal with the conditions at the moment the 
arc is struck; but first we must examine briefly the influence of 
the magnetic field on the arc phenomena and give a general 
outUne of the working principles of the Poulsen arc. 

The magnetic field drives the arc outward, the velocity 
increasing with increase of the intensity of the field. Not only the 
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arc itself, but also its bases (or craters) are travelling outward 
along the electrodes; but we will later find occasion to treat this 
question thoroly. This travelling — or blowing out — of the arc 
contributes largely to a rapid de-ionisation thereof. With a 
comparatively weak magnetic field, we obtain the case sketched 
in Figure 15, part a, where the arc is not being fully extinguished. 
Owing to the quick rise in the potential difference across the 




Figure 15 — Sketch RepY^senting the Influence of 

Magnetic Fields of DifTerent Intensities on the 

Extinction and Re-Starting of the Arc 



condenser, the voltage across the arc also rises comparatively 
rapidly, thereby causing the current thru the arc to increase 
again before it has been quite extinguished. In this case, 
oscillations of the 1st type are obtained; but they are quite 
similar to those of the 2nd type. As we will see later, this 
condition is rather instable. 

With a somewhat stronger field, we will obtain the case 
sketched in Figure 15, part 6, where the arc is being completely 
extinguished, but comparatively slowly, so that the voltage 
across the arc at the moment of extinction only drops com- 
paratively slightly below the maximum value of the extinction 
voltage. While the arc is out, the arc voltage rises with the 
same rapidity as the voltage across the condenser, and when 
the voltage has reached a certain value, the arc is lit again. 
By choosing small distances between the electrodes — and such are, 
as we shall see later, always used in practice — the maximum 
ignition {or striking) voltage needs not be much higher than 
the maximum extinction voltage. The de-ionisation is, of course, 
more pronounced at the moment of lighting (or striking) than at 
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the moment of extinction; bui the lighting on the other hand is 
accomplished at a shorter arc length than the extinction, since 
the first takes place between the edges of the electrodes while 
the latter occurs some distance back on the electrodes, the arc being 
driven from the first io the second position by the magnetic field. 

With the field further increased we obtain the ease shown 
in Figure 15, part c, where the are is blown out so rapidly that 
the arc voltage at the moment of extinction drops very con- 
siderably, perhaps becoming reversed. It rises again, with the 
same rapidity as does the voltage across the condenser, until 
the ignition (or striking) voltage is reached. As the period of 
extinction in this case lasts a little longer, the ignition voltage 
must be somewhat higher than the extinction voltage; tho not 
very much more if the distance between the electrodes is short. 
The stronger magnetic field does, however, effect a very pro- 
nounced doubling of the voltage curve, thus producing two 
peaks of which the second one is slightly — but only slightly — 
higher than the first one. 

The view here set forth does — as may be noticed — diverge con- 
siderably from the one we summed up above as the B-theory, This 
latter theory directs attention only to the ignition voltage and the 
conditions connected therewith. According to the B-theory, the 
efficiency of the arc generator is dependent mainly on a high ignition 
voltage, and an explanation of the means provided by Paulsen for 
increasing the efficiency of the Duddell arc is attempted from the 
point of view that these improvements tend to increase the ignition 
voltage. The extinction voltage is of no consequence at all in the 
B-theory, 

According to the view set forth by the Author, and which we will 
briefly call the A -theory, the postulates are almost the reverse, the 
assumption herein being that the arc must be able to develop the 
necessary extinction voltage, while the ignition voltage must be as 
low as possible and exceed the former only by very little. 

We have shown above that the consequences of the B-theory 
do not agree with practically obtained results so far as the 
Poulsen arc is concerned ; and we will now undertake to ascertain 
whether the A-theory does agree with practice in this respect. 

7. Experimental Researches on the a-theory 
a. Study of the Arc Voltage 

The most direct method with which to investigate the correct- 
ness of the view here set forth is to take the voltage curve for the 
arc, while this acts as generator of continuous radio frequency 
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currents. Considering the views set forth in the beginning of 
this paper, I have not thought it safe to employ the method 
indicated by Hausrath, in which a Braun tube is used. Pre- 
sumably there remains available only the Gehrcke cathode-glow 
oscillograph". This method has the advantage that a direct 
oscillographic reproduction of the form of the voltage curv^ is 
obtained — not a mean curve of several million periods as with the 
above named. A drawback is the low intensity of the light 
available at a high recording speed, and this is more severel.y 
felt just at present since the most sensitive photographic plates 
are not on the market. Another difficulty, when using the 
Gehrcke cathode glow tube is that even the maximum voltage 
across the arc in most cases is insufficient to light up the tube. 
This can be overcome, however, by "polarizing'' the tube thru 
the application of a sufficiently high, constant, additional tension. 
The arrangement is shown in Figure 16 where G indicates the 
Gehrcke tube, FP the photographic plate; and HS the rotating 
mirror. In series with the arc and the tube is inserted a 500 
volts battery, and in order to prevent any considerable amount 
of direct current from passing thru the tube — which would 
make it "sluggish" — there are also inserted two resistances made 
up of incandescent lamps a large resistance L Bi and a smaller 
one LB2. The voltage required to light the tube is about 
600-700 volts, and since the voltage of the arc when it is burning 
is only approximately 50 volts or even less, the tube will light ' 
up only during the times when the voltage of the arc is con- 
siderably higher than when it is actually burning. In order to 
obtain the light flashes as pronounced as possible, a condenser 
Ci — of 25,000 cm. (0.028 /^f.) — was shunted across the resistance 
LB,, 

In Figure 16a are shown reproductions of some of the oscil- 
lograms taken. Portions a, c, and d show the normal appearance 
of these oscillograms, which — as may be noticed — fully corres- 
pond to the voltage curve shown in Figure 15c and are altogether 
in good agreement with the A-theory. With a somewhat weaker 
magnetic field, oscillograms as shown in portion e are obtained, 
being of the same character as Figure 15, part a. This osciUo' 
graphic investiijation has thus altogether verified the views here 
set forth, 

b. Explanation of the Experimental Values of g and E, 

We shall now examine the above-mentioned points on which 

the B-theory failed, in order to ascertain w^hether the A-theory 
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is more in agreement with the experiment alh' obtained results. 
We ?ihali first estimate the value of the maximum voltages 
required by the A-theory. According to (61), the mean extinc- 
tion voltage is determined by 



'■-1 

-^ 



/oft. 



We will assume here and in the following discussion that 
the angle i^ does not vary much in the various cases, a sup- 
position which gains some support from the oscillograms. So 
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p*— I 



HS 



J^SHSH^ \ 



lb: 
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500V 

riHliHHl -t|«l'H'^ 



Figure 16 — Diagram of the Gehrcke Cathode (Jlow Osciliograph 

far as the actual value of '^ is concerned, this cannot be deter- 
mined with much accuracy from the material at hand, but by 
estimating we have fixed it at 0.6; and thus (61) reduces to 

P = 5/,fl. (62) 

For the example mentioned under heading 4, where /o = 20 
am|)eres and R = 3 ohms, P is therefore 300 volts. The maximum 
extinction voltage is, of course, somewhat higher than the 
mean, and the ignition voltage again somewhat higher than the 
extinction voltage; so that, according to the calculations, the 
maximum ignition voltage will probably be somewhat higher 
than the 380 volts as found in heading 4, but the disagreement 
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is, at all events, far less than with the B-theory. If we further 
consider that the maximum voltages are only momentary, 
which — according to experiment — has the effect that the values 
of voltage indicated by the spark micrometer are too small, 
even if the gap is exposed to ultra-violet light, the results 
of these calculations are in as near agreement with the new 



Figure 16a — Oscillograms of Arc Voltage Obtained with Gehrcke^s 
Cathode Glow Oscillograph 



theory as was to be expected. A determination of the maximum 
voltages of the arc based on the Gehrcke oscillograms did not 
lead to a definite result but indicated values around 300-500 
volts. A full elucidation of this matter can not be expected 
until after a more thoro experimental and theoretical investiga- 
tion of the conditions in connection with the extinction and the 
ignition of the arc. But it may already he stated that the A-theory 
iSf in the main, in accordance with the experimental results on 



this point. 
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The next question concerns the value of g^ which will be too 
high if determined by means of the B-theory, as this theory 
according to (43) demands a value of the parameter k larger 

than -v/6 — . This, again, is a consequence of the high ignition 

voltage required by the B-theory, as k and E, are practically 
proportional. According to the A-theory, the ignition voltage 
is comparatively small, and even if the value of g according to 
the A-theory is not dependent on the value of k in the same 
manner as in the B-theory, it is, on the other hand, evident that 
the low ignition voltage requires a slow rise of the arc current 
immediately after the arc is ignited so that the current curve 
will be mainly a sine curve, which, at its beginning, intersects 
the axis at a very small angle. Accordingly, the value of g will 

be approximately -^/-. The exact, theoretical value of g can 

not be given at present; but it is perfectly certain to be around 
0.71 as found experimentally. The A-theory is thtis in accordance 
with the experimental resvlts on this point also, and provides a 
natural explanation of the experimentally obtained value of g. 

8. Influence of the Distance between the Electrodes 
ON the Behaviour of the Arc Generator 

As mentioned before, the distance between the electrodes in 
the normal Poulsen arc is comparatively small and does not 
differ much from the critical value. We shall now examine the 
result of an increase in the distance while maintaining a constant 
field intensity and constant supply current — the latter being 
done by reducing the series resistance. As the distance of separa- 
tion of electrodes increases, the difference between the arc length 
at ignition and at extinction will become relatively less, and 
consequently the ignition voltage will become comparatively 
higher. Figure 16a, part 6, shows the result of a small increase 
in the normal distance — about 50 per cent. By comparison with 
the parts a and c — both having normal distance and taken 
under identical conditions immediately before and after part h — 
it will be noticed that the ignition voltage already has assumed 
a somewhat higher value. This higher ignition voltage in turn 
requires a more rapid rise of current at ignition and also a 
steeper drop at the extinction. This latter condition results 
further in a reduction of the extinction voltage and a con- 
siderable drop of the arc voltage at the moment of extinc- 
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tion. The consequence of this is a negative arc voltage 
immediately after the extinction. A diagrammatic representa- 
tion of these conditions is shown Figure 17, where part a 
gives the current and voltage curves for the normal Poulsen arc 
with the normal distance between the electrodes, while part 
6 gives the same curves when the distance is larger than the 
normal. In case 6, the extinction voltage is considerably smaller 
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Figure 17 — Sketch of Current and Voltage Curves for Diflferent 
Distances between the Electrodes 



than in case a; and further b shows quite a considerable negative 
arc voltage immediately after the extinction. This negative 
voltage will assist the de-ionization of the arc space and con- 
sequently give an increased ignition voltage. If the distance 
between the electrodes be further increased, these conditions 
will become still more pronounced, as shown in Figure 17, part e. 
The conditions are here quite in accordance with the B-theory; 
and this is further verified b}^ the oscillograms shown in parts d 
and (J of Figure 16a, representing the voltage curve for the arc, 
and taken under conditions analogous to those mentioned; but 
while part d is with normal distance between the electrodes — 
about 1 mm. (0.04 inch) — part g is with an electrode distance 
of 4 mm. (0.16 inch)*. When increasing the distance, the d. c. 

* A voltage oscillogram with normal distance between the electrodes was 
taken under conditions identical with those for part g, but the photographic 
contrast was insufficient for reproduction. It did, however, fully correspond 
in character to the parts a, c, and d. 
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voltage on the arc is simultaneously increased — in the above 
ease from 85 to 160 volts. With equal supply current, the latter 
case will give slightly more radio frequency current than with 
the normal distance; but in spite of this, the efficiency factor 
is considerably smaller than for the normal arc. The smaller 
efficiency for the greater distance between the electrodes is 
mainly a consequence of the higher voltage demanded for keep- 
ing the arc lit. The greater distance is also objectionable in 
other ways as the arc then is apt to blow out. The greatly 
increased voltage variation from the moment of extinction to 
the moment of re-ignition causes a correspondingly pro- 
longed time of ^'charging'' and a correspondingly great **fre- 
quency sensibility" of the generator. Finally the higher voltages 
are inconvenient from an engineering point of view. // can 
thus be fully explained why the shortest possible distance between 
the electrodes is used with the Paulsen arc and it is also easily 
understood why so many of the laboratory investigations, which 
more or less purposely have been carried out on the basis of the 
B-iheory have shown results having very little relation to the condi- 
tions found in practice. 

If, on the other hand, the distance between the electrodes 
after having been normally adjusted is diminished, maintaining 
the various other conditions constant, then the re-ignition on 
the edge of the electrodes will take place more and more easih- 
in proportion to the decrease in distance. A state is very soon 
reached where the arc instead of being extinguished will carry a 
considerable minimum current, and the conditions will then 
quickly develop into a state where the arc current is constant. 
This is fully in agreement with the conditions mentioned under 
heading 2, a, namely, that the arc requires a certain minimum 
length in order to Ik? active. 

9. Influence of the Magnetic Field on the Arc 
a. Photographs of the Arc 

In order to get an understanding of the influence of the mag- 
netic field, a series of experiments have been carried out, and 
numerous photographs of arcs and their craters have been taken 
by means of the arrangement shown Figure 6, which is explained 
previously. The pictures divide into 3 groups: 1. stationary 
crater pictures taken from above thru the mica window gu 
the lens Bu and reflected from the mirror aS^i to the plate F P\; 
2. crater oscillograms, also taken from above, the light on the 
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way to the plate FPz passing the rapidly rotating mirror Spi: 
3. side views of the arc, taken thru the window gt and the lens 
B2, on the plate FP2. In all cases, shutters were used {L\ and 
L2), giving a time for exposure of about 0.01 second. EspeciaUy 
those photographs mentioned under groups 2. and 3. have 
contributed markedly to the explanation of the behaviour of 
the arc in a magnetic field under various conditions. 

6. Normal Crater Oscillograms 

When the arc generator is normally adjusted, i. e., when the 
distance between the electrodes is the most suitable, and the 
magnetic field has the most suitable value, at least approximately, 
oscillograms of the type shown in Figure 17a, parts a-rf, and 
Figure 176, part a are obtained. Figure 176, part ai is a side 
view of the arc corresponding to part a — both taken simulta- 
neously. When printing from the photographic negative, the 
negative crater has been exposed somewhat longer than the 
positive crater, since the density of the image of the negative 
crater is far greater than that of the positive one. (The term 
"crater'' is here used for the bases of the arc on both elec- 
trodes, altho no actual crater exists, at least not on the positive 
electrode.) Figure 17a, parts c and d are dififerently exposed 
portions of the same plate, showing separately certain particular 
features. All necessary information concerning the oscillograms 
and the conditions under which they are taken is found from 
the title and the supplementary data given in the figiu-es. 
Thus, small sketches show the location of the electrodes; 
arrows marked / indicates the direction of increasing time on 
the oscillograms; lines marked r denote the length of the 
period, and scales show the dimensions at right angles to the 
time axis. : 

Figure 17a, part a corresponds to the most suitable magnetic 
field under the conditions in question (^ = 8,700m., R = \ ohm); 
not much is to be seen of the negative crater as it travels mainly 
along the vertical end surface of the carbon; the periodic 
character of the negative crater is clearly seen on the original 
plate, but the positive is by far the most pronounced. Part h 
corresponds to a shorter wave-length (4,300 m.) and a field a 
little too strong. Here the oscillogram of both craters is very 
distinct — especially that of the positive one. Furthermore, the 
oscillogram of the arc itself is seen between the two crater 
pictures. Parts e and d represent the conditions for a wave- 
length of 6,000 m., and a field considerably stronger than the 
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most suitable one. Both of the craters and also the arc itself 
are here seen very clearly. In all of the three cases shown in 
Figure 17a the arc was burning in coal gas; whereas Figure 176, 



Figure 17a— Crater Oscillograms 



part a shows the oscillogram of an arc in hydrogen. In hydrogen, 
only the violet core of the arc appears, while in coal gas this is 
surrounded by a greenish aureole. 

It appears distinctly from the four oscillograms that the arc 

291 



Digitized by 



Google 



is struck once in every period on or near the edges of the electrodej> 
and is then driven outward by the magnetic field, so that the 
craters in the course of the period move away from the edges. 



X'S700m,^^»2co,Ji*$o^ Ji'Z. 





• /35 iffms 
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Fkjure 17b — Crater Oscillograms and Side Views. Parts a, ay, c, Ci, d and 
di in Hydrogen. Parts c and Ci in Coal (Jas 



At the end of the period, the arc is extinguished in the outer 
position and re-ignites again at the edges. It is further seen that 
this process is repeated with much regularitv. 

For the purpose of a closer examination of these crater 
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pictureK, we will determine the theoretical form of the locus of 
the crater image during a period. We can, however, not expect 
any greater conformity l^etween the theoretical and practical 
results, as the cathode will always be more or less eat^n away, 
the surface thus losing its geometrically well-defined shape, and 
as our knowledge with regard to the movements of an arc in a 
magnetic field is very deficient. Nevertheless, the said investiga- 
tion will still be of some interest. 

For the calculations of the velocity of the arc in the magnetic 
field we will assume the following: 1. the current density is 
the same all over a cross section of the actual arc core and is 
constant equal to o-; 2. the cross section having the area A 
maintains an unaltered shape while travelling; 3. The distance 
X, which the arc has travelled is determined by the equation 

where p is the density of the arc gases. 

It is certain that these assumptions are only partly fulfilled. 
The arc will, when travelling, not only carry along the air volume 
contained in the arc core (fully or in part), but also some of the 
surrounding air. The resulting air stream will, on the other 
hand, accelerate the next following arc. Furthermore, the 
assumption that the arc carries along the larger portion of the 
air contained in the arc core is merely hypothetical, and not 
in harmony with the ideas applied — however, under essentially 
different conditions — by J. S. Townsend**, R. S. Willows*', and 
Wilson and Martyn**. The conditions can be very complicated, 
at least for discontinuous discharges; as appears, for instance, 
from the works by D. N. Mallik*****. All of these investigations 
are, however, almost exclusively concerned with the conditions 
under lower pressures and can therefore not be applied as the 
basis for an investigation of the matter in hand. However, 
many features favor the belief that our hypothesis is, in the main, 
correct. At all events, the equation (63) does form the simplest 
possible basis for our calculations, and as our immediate object 
is only to obtain a representation of the conditions which is 
correct in the main features, we shall postpone a closer investiga- 
tion till later on and make equation (63) the basis of our cal- 
culations. 

We shall further simplify the calculations by assuming the 
arc current to be constant during a part of the period and zero 
during the remainder of the period. That part during which 
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the current is assumed to l)e constant we will estimate to be 

By integration of the equation (63), we obtain the following 
equations provided x is measured from the point a, where the 
arc is lit (see Figure 18, part I), that the velocity of the arc at 
this point is zero, and that time is reckoned from the moment 
of ignition, 

x=^*^, •< and ,-=r = -^, , i, (54 

where r is the velocity of the arc. 

The locus of the crater image will thus be a parabola having 
its vertex at the point of ignition and its axis at right ajiglet* 
to the time axis. The crater locus terminates at a distance h 
from the point of striking determined by 

20Ap 20Ap2' SQ.WAp 36.10^^p ^ ^ 

We shall now examine whether the value of h determined by 
(65) agrees with those observed. In order to apply equation 
(65), we must know the values of a and p. We have tried to 
determine a by measuring the cross section of the violet arc core. 
This determination is not very reliable, but apparently the 
values for coal gas and hydrogen were the same. The value may 
probably be put as o- = 2,000 amperes per sq. cm. or 12,500 
amperes per sq. inch. For the determination of p, the den.sity 
of the arc, the arc-temperature, must be known. In both 
coal gas and hydrogen this is comparatively low. The tem- 
perature has not been exactly determined; but we have estimated 
the density to be I4 of the density at 0® which corresponds to a 
temperature of about 1100®. At the moment of ignition the 
temperature is surely lower, later on probably higher. The 
density of hydrogen at 0° = 0.00009 gm. per cc. and of coal gas = 
0.00045 gm. per cc, and formula (65) then gives for hydrogen 



and for coal gas 






In the table below are given the calculated and the measured 
values of h for the four cases we have examined. 
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1 ' ; 

\ ^ \ h 

^a*ed' Measured' Remarks 
' mm. """• 1 


Figure 17a, part a 
Figure 17a, part b 
Figure 17a, part c 
Figure 17a, part a 
Figure 17b, part c 


0.66 0.37 
0.38 I 0.45 
1.3 ! 0.9 
1.3 1.2 
2.7 2.0 
I 


Measured on the anode 
Measured on the cathode 
Measured on the cathode 
Measured on the anode 
Measured on the cathode 



.The measured values of h are, on the average, lower than 
those calculated; this is consistent with the fact that the arc 
itself is travelling a greater distance than the images of the 
craters which appears clearly from the side views shown. (See 
especially Figure 17c, parts a and 6, and Figure 176, part 6.) 
When the entirely provisional character of the theory is con- 
sidered, the theoretical and observed values of h must be ad- 
mitted to agree fairly well. , ' 

From the preceding, it follows that the velocity of the arc 
and craters is smallest directly after the ignition, and conse- 
quently it is to be expected that the temperature of the negative 
crater is highest near the point of ignition. This view is con- 
firmed by Figure 176, part a and, tho not in so pronounced a 
fashion, by Figure 17o, parts c and rf. This comparatively high 
temperature on the ignition point of course facilitates the re- 
ignition of the arc at this point. We have pow, in the main, 
explained the behavior of the arc in a magnetic field under 
normal conditions, and we have found it in complete agree- 
ment with the outline of the A-theory given in Section 6. We 
shall next proceed to examine the conditions when the field 
is either too strong or too weak — which cases present some 
pecuHar features of considerable interest. 

c. Magnetic Field too Strong 

A couple of oscillograms taken with too powerful fields are 
shown in Figure 176, parts c and d, with coal gas and hydrogen 
^espectivel3^ The locus described by the crater in this case 
does not consist of a single curve for each period but of several, 
mutually parallel and parabolic curves — three such curves in 
part c and two in part d for each period. As it is difficult to 
trace these crater curves on the photograph and still more so 
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on the reproduction, we have drawn the diagrammatic Figiiie 
18, part II, which gives a representation of the crater curves. 
We assume the arc to be lit at a where the velocity at first is 
small, but then rapidly increases owing to the strong magnetic 
field. The temperature of the negative crater is therefore, as 
mentioned above, comparatively high at a but drops quite 
rapidly as the crater travels outwards. The result of the rapidly 



Figure 17c — Side Views of Arcs. For Parts a toj and m, n, / =9000 m. and 
*;> =200 ohms. Parts k and / are d. c. Arcs. In Parts m and w, the Cathode 

Is Not Rotating 
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falling temperature is a rapidly increasing arc voltage, which 
causes a new arc to be struck at ai where the temperature still 
is comparatively high. The second arc increases at the cost of 
the first, which is extinguished at c. The second may eventually 
again be replaced by a third arc struck at (h and so on. In too 
strong fields, there may thus exist simultaneously two or more 
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Figure 18 — ^Theoretical Form of Crater Oscillograms 

I. Normal magnetic field 
If. MaRnetic field too strong 



concentric arcs between the electrodes. Toward the end of the 
period, when the current is small, the crater temperature de- 
creases and the arc voltage increases to the extinction voltage 
after which a new arc is struck at a'. The value of the extinction 
and ignition voltages are about normal as will appear from 
the oscillograms taken, these having quite the normal appearance 
even with field intensities considerably above the normal (see 
Figure 16a, pari d). The intermediate peaks on the voltage 
curve corresponding to the re-ignition and partial extinction 
at oi and a^ (Figure 18, part II) are not high enough for registra- 
tion by the method appUed when taking the voltage oscillograms. 
A full elucidation of these phenomena will therefore necessitate 
further investigation, but there can be no doubt that the explana- 
tion given is in the main correct. Too strong a field will, of 
course, necessitate an increase in the supply voltage F© — as 
will also be mentioned later — and consequently reduce the ef- 
ficiency. Too strong a field is therefore disadvantageous both as 
regards economy and constancy. 
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d. Magnetic Field Too Weak 

Too weak a magnetic field causes quite a diflferent aspect 
of the arc phenomenon. The reasons are to l^e found in two 
circumstances, which are consequences of or concurrent with 
the magnetic field. To l)egin with, the arc is not completely ex- 
tinguished, or, if so, only during an extremely short time. And 
secondly, the arc and craters travel only a very short way during 
a period. The combined result thereof is a marked tendency 
for the mc to ignite again at — (or, if not completely extinguished, 
to continue from) — the point it has reached at the end of a period. 
If the field is much too weak this is repeated several — and 
often many — times until the arc has attained such a length that 
the re-ignition takes place again most readily l)etween the edges, 
whereupon the same succession of phenomena is started over 
again. These conditions are shown diagrammatically in Figure 
19, where it is assumed that the arc ignites every third time 
on the edges. This ignition requires a considerable voltage, 
while the next extinction — and ignition — voltage will be com- 
paratively small, and the next thereafter a little higher, as 
indicated in the figure. That the arc voltage really has this 
appearance is clear from Figure 16a, part /. Here the arc is 
struck at the edges alternately every second or third time. 

The side views show a number of arcs corresponding to the 
various ignition points. The weaker the field is, compared 
with the normal field, the greater is the number of arcs (see 
Figure 17c, parts a, 6, m, and n; Figure 19a, parts a and 6; 
and Figure 176, part 6i). Of all these arcs only one exists at a time. 

That the above explanation is correct is very clearly verified 
in Figure 176, part 6, the arc in this case being distinctly seen 
to be ignited every second time on the edge, and thereafter some 
distance back on the electrode. 

It is evident that this behavior of the arc will result in an 
increase of the supply voltage as the potential difference required 
during the period of actual burning increases with increasing 
arc length. The efficiency decreases, of course, when the field 
is too weak. At the same time, the constancy is affected. If, 
for instance, the arc regularly makes two ''steps," two slightly 
varying periods are obtained. This affects the resonance pos- 
sibilities of the oscillations and gives an irregular and flattened 
resonance curve. The conditions become still more complicated 
if the numl)er of ''steps" varies irregularly, and resonance curves 
with a "flat top" are then obtained. 
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In extremely weak fields, a new phenomenon appears, which 
we have endeavoured to illustrate in Figure 20. The are in this 
case travels only a very short distance outward during each 
period, and continues this outward travel until the arc voltage 
becomes so high that a new arc is ignited at the electrode-edges. 
Since, however, the de-ionization in this case is comparatively 
small, the outer arc will still exist after the new inner one has been 
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Figure 19 — Sketch of Crater 

Oscillogram. Magnetic field 

too weak 



started, and both will continue during a number of periods — the 
inner with increasing, the outer vrith decreasing current. At the 
same time, the electrodynamic attraction between the two 
simultaneously existing arcs causes the inner one to travel with 
a speed greater than that corresponding to the intensity of the 
magnetic field and the outer with a less speed. As indicated in 
Figure 20, the mutual attraction may more than counterbalance 
the action of the magnetic field, the result being that the outer 
arc travels inward. Such a case is seen in Figure 20a, part a, 
which closely corresponds to Figure 20. The conditions can be 
even far more complicated, as is seen in Figure 20a, parts 6 and c, 
showing that a number of arcs may exist simultaneously. This 
phenomenon is due to the above-mentioned conditions in very 
weak fields and further to the fact that the arc voltage does 
not drop instantly after the ignition, but remains at the high 
ignition voltage during a definite tho short time; or it may even 
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be subject to a further rise. It is a matter of coui*se that an arc 
generator works very irregularly in such very weak fields. 

The r61e of the magnetic field in the Poulsen arc has formerly 
been much discussed, (Compare the bibliography numbers 
32-35, 76, and 7e, pages (H-OO.) 



Figure 19a — Side Views of \rc< in 

"Weak Fields. Part A m Hydrojjen. 

Part C in Coal Gas 



e. Most Suitable Magnetic Field 

The preceding discussion shoivs that the arc should burn in the 
weal est fields W, in which it works norrnallij, only i\;nitim; once a 
periody and always on the electrode edges. Both stronger and 
weaker fields require excessire supply voltage. W is thus the most 
suitable field intensity — the one i'ivin^; the highest efficiency and the 
most constant behavior of the arc. In order to show the connection 
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between Vo and //, we have taken some sets of measurements 
and plotted the results in Figure 21. As will be seen, Vo decreases 
regularly with H to a certain point (namely to the field intensity 
where the arc does not always strike on the edges), from which 
point, Vo again rises quite rapidly. The part of the curve cor- 
responding to still smaller values of H is rather unstable, as the 
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Figure 20— Sketch of Crater Oscillogram Mag- 
netic Field Far Too Weak 



number of ''steps," and therefore also the number of arcs seen 
in the side view, is changed by quite insignificant irregularities; 
but the greater the number of arcs seen in the side view, the 
higher is the value of Vo Furthermore, the lower the value of 
H, the greater is generally the number of arcs simultaneously 
seen in a side view. A regular curve cannot be drawn, but those 
shown do, in the main, correspond to the measurements; and 
at the same time they indicate the probable theoretical shape. 

It thus appears that the Poulsen arc gives the highest ef- 
ficiency and works with the greatest regularity at a certain 
field intensity H", Cn the other hand the arc may work ap- 
parently quite regularly in magnetic fields the intensities of which 
are considerably greater or smaller than H^, The arc may, for 
example, work apparently very regularly with 2 or 3 arcs to be 
seen in the side view. In this case, however, the alternate periods 
necessarily must have slightly different lengths, and as the 
numbtM- of steps may vary irregularly between 2 and 3, for 
example, the observed frequency will also vary in an irregular 
manner. In investigations on the constancy of the Povlsen arc, 
it is absolutely necessary to ascertain that the arc is working with 
the most sifi table field intensity //**, otherwise the results will be 
of but little value. This point has not, so far as I know, l>een 
duly considered in any of the investigations of this kind. 
K. Vollmer", for instance, in the paper describing his interesting 
and careful investigation of this question, with regard to the 
magnetic field only remarks that the investigation is made 
'*on an arc with transverse field." (1. c, page 150.) 
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The constancy of the normal Poulsen arc is so great, that a 
further increase in constancy would not be of any great practical 
value. A closer investigation is therefore deferred. 

/. Appearance of the Arc in Magnetic Fields of Different 

Intensities 

Figure 17c shows a series of side views taken under various 

conditions, especially for different values of H. An inspection 

of part c shows how small the arc is at field intensities near the 



Figure 20a— Crater Oscillograms for Very Weak 
Magnetic Fields 
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most suitable one, H^. Cn the other hand, part i shows how 
large the are apparently is in strong fields. 

A few peculiarities of arcs in coal gas may be merely men- 
tioned. In weak fields a layer of soft black carbon is deposited 
on the walls of the arc chamber and tree-shaped masses of the 
same soft black carbon are deposited on the anodcj just outside 
the crater as shown in part e of Figure 17c, and especially in 
part b of Figure 19a. In suitable weak fields, this deposition 
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FiQUKB 21 — Relation Between Primary Voltage and Intensity of Magnetic 
Field for Constant Supply Current 



may be so rapid that the "anode-tree" may be seen to grow. 
At irregular interval, these anode-trees are thrown off by the 
arc itself. If, with these weak fields, the cathode is not rotating, 
no carbon deposit is formed on the anode but instead there is 
formed a horn-shaped deposit of black hard carbon on the 
cathode as shown in parts m and n of Figure 17c. This "cathode 
horn" is so strongly coherent that when it is broken off, the 
cathode carbon ring is generally also broken. 

In stronger fields very little carbon is deposited, and what 
little there is in this case as a brown rather hard powder. On the 
electrodes no appreciable deposit takes place in strong fields. 
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The explanation of these peculiarities is probably to be looked 
for in variations of the temperature of the arc caused by the 
magnetic field, but this question has not been further inves- 
tigated. 

10. Further Consequences of the A-theory 

The above detailed investigation has given the main features 
of the influence of the magnetic field on the arc when used a.s a 
generator for sustained radio frequency currents. We shall now 
consider the consequences which, with the knowledge thus 
acquired, can be drawn from the A-theory with regard to the 
dependence of H^ upon the constants of the r. f. circuit and the 
strength of the supply current. 

a. Influence of the Wave Length on the Most Suitable 
Intensity of the Magnetic Field 

We will begin by investigating how H** depends on the wave 
length, the supply current, and all other conditions remaining 
constant. 

According to (62), the average value P of the extinction 
voltage is proportional to loR but otherwise independent of the 
constants of the r. f. circuit. The voltage of the arc during 
extinction will, no doubt, increase simultaneously with the 
velocity of the arc. This velocity is, according to (64), pro- 
portional to the period or to the wave length. All other condi- 
tions being eoual, we may therefore expect P to be dependent 
mainly on H"*?., but not on H and k separately. This being the 
case the most suitable intensity H"* and the wave length / will 
satisfy the following relation : 

^''/ = constant (67) 

A series of corresponding values of H*^ and / have been 
determined and the results plotted in Figure 22. It appears that 
the experimental values are fairly well represented by the curve 
shown having the enuation 

(^"-h400) k = 5000 (Gauss km) . (68) 

The difference between (67) and (68) can be accounted for, 
at least partially, without difficulty. The buoyancy of the arc 
will, to some degree, act as an additional magnetic field. The 
electrodynamic forces on the arc will act in the same way.** 
Electrostatic forces will probably also act in the same way. 
As shown later the value of H^ increases with increasing values 
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of R; the experimental values of H'' are therefore relatively too 
great for small values of k. All these disturbances acting cumu- 
latively as they do, will probably suffice to explain the difference 
between (67) and (68). The theoretically deduced relation between 
W and I is therefore confirmed. 
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Figure 22— The Most Suitable Intensity of Magnetic Field 
as Dependent on Wave Length 



b. Influence of Density of Gas on the Most Suitable 
Intensity of the Magnetic Field 
The above remarks refer to the arc burning in coal gas. 
With the arc in hydrogen, the corresponding values of H'^ are 
approximately 5 times smaller. This is in complete agreement 
with the results obtained in Section 9c. In this way, some 
well known peculiarities of the arc are easily explained. For 
example, working on short wave lengths, hydrogen has always 
been found preferable to coal gas; but at long wave lengths, 
sometimes hydrogen and sometimes coal gas or hydrogen more 
or less saturated with different hydrocarbons has been foimd to 
give the best results. The explanation is in the main simply 
this: With too weak a field, it is preferable to use pure hydrogen, 
in too strong a field, a hydrogen compound having a greater density 
produces better results. 
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c. W AS Dependent on R and I^ 

The next question is, how W depends on /?, the supply cur- 
rent, and all other conditions being constant. According to the 
A-theory, the average extinction voltage P is proportional to R. 
(See, for example, equation (62).) We do not, however, know 
the exact relation between P and the velocity v of the arc at 
extinction; we only know that P increases with v. We are 
therefore unable to deduce any exact relation between W and 
R] we can only say, that W increases with R, The simplest 
supposition we can make is that P increases linearly with p. 
In this case W will also increase linearly with R. It appears 
from Figure 23, parts a and 6, showing corresponding values 
of H^ and /?, that W is really dependent linearly on R. Under 
the same conditions, W should be proportional to 7^, R and all 
other conditions being constant. This is confirmed by Figure 23, 
part c, in which are shown the values of W taken from Figure 23, 
parts a and 6; the latter being reduced in the ratio of the cor- 
responding currents, that is, in the ratio 1 to 2. The propor- 
tionality of W and !„ can, however, only be expected to be 
approximately true, since the cross section of the arc and the 
areas of the craters increase with increasing value of 7^. The 
greater these areas are, the greater in consequence must H^ be. 
We must therefore expect, that the (H^ 7©) — curves will have 
their concavity toward the W — axis, a conclusion confirmed by 
Figure 24, showing corresponding values of 7^ and W for dif- 
ferent wave lengths. 

11. Concluding Remarks 

The theoretical deductions in Sections 9 and 10 were neces- 
sarily of a somewhat provisional nature. Their object was mainly 
to be an aid in the exploration of this difficult and at the same 
time important field. Notwithstanding this provisional nature 
of the A-theory, the experiments have, in the main, confirmed 
the conclusions drawn from that theory. 

How far the A-theory is an advance over the B-theory is 
probably best ascertained by a consideration of the extent to 
which the two theories permit prediction of the influence of 
magnetic fields of different intensities. We have just seen that 
the A-theory has been quite successful with regard to this 
question. The B-theory, on the other hand, has not been able 
to throw much light on this point. The easiest way to prove this 
is to quote the last edition of Zenneck^s excellent text book, 
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''Es wurde . . . darauf hingewiesen, dass ein Quermagnetfeld, 
das die Energie der Schwingungen sehr gtinstig beeinflusst, 
sehr ungiinstig fiir die Konstanz der Schwingungen ist . . . 
Es ist dies ebenso der Grund, weshalb man mit der Starke des 
Quermagnetfeldes in allgemeinen nicht sehr hoch geht, obwohl 
es die Energie der Schwingungen erhohen wiirde/' (It . . . 
was already pointed out that a transverse magnetic field, which 
is very advantageous for the energy of the oscillations, is very 
disadvantageous for their regularity . . . This also explains why 
the strength of the transverse magnetic field is in general not 
made very great, sacrificing a further increase in the energy 
of the oscillations.) (Page 244.) 

The existence, in every particular case, of a c^tairijield intensity 
W giving maximum efficiency and gfeatest constancy is not men- 
tioned; to say nothing about the dependence of W on wave lengthy 
gas density, supply current, and r, /. resistance. 

That the B-theory does not suffice to give a satisfactory 
explanation of the influence of the magnetic field is a natural 
consequence of the fact that this theory considers only the ig- 
nition voltage which, in itself, is independent of the intensity 
of the magnetic field; this field only influences the conditions 
existing while the arc is burning (and this influence, which is 
mainly due to the velocity of the arc, is greatest at the end of 
the period — i.e., at the moment of extinction). This is the 
reason why the A-theory, in which the main point is the extinction 
voltage, gives such a simple explanation of the influence of the 
magnetic field, 

SUMMARY: The paper deals with an experimental investigation of the 
Poulsen arc carried out by means of 

1. The ordinary electrical methods of testing 

2. Gehrcke's oscillograph for taking oscillograms of arc voltage 

3. Photographic side views of the arc 

4. Photographs of the arc and craters viewed in a rotating mirror, i. e.. 

crater oscillograms. 
The chief results of the investigation are: 

The experimental values of ratio between radio frequency current and the 
direct current are satisfactorily explained on the basis of the A-theory. 
This is not the case for the theory based on Barkhausen's simple charac- 
teristic. (B-theory.) 

The maximum voltage across the arc is very much smaller than required by 
the B-theory. 

For the normal Poulsen arc, the extinction voltage is almost as high as the 
ignition voltage. 

The most suitable intensity of the magnetic field H*^ is proportional to 
the density of the gas and to the frequency of the oscillations, approxi- 
mately proportional to the feeding current and increases linearly with 
the r. f. resistance. 

The behavior of the arc in fields of different intensities is investigated. 
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LIST OF SYMBOLS 



C = capacity in the r. f. circuit 
L = inductance in the r. f. circuit 



-^1- 



characteristic of r. f. circuit 



ft = effective resistance in r. f. circuit 
^=2T —damping coefficient of r. f . circuit 



(Oo = 2zno = 



J angular velocity of r. f. 



y/LC circuit when /? = 



— o /r"/» natural period of r. f. circuit 
'^~^^^^^=when/? = 

/ o / / — ; ; angular velocity of r. f . 

circuit when R>0 
/__ J = natural period of r. f. circuit when 
^' no' ft>0 

logarithmic decrement of r. f. cir- 
cuit 
approximate value of logarithmic 



O^/CTo'^ 



0=fCT„ = 



decrement 
r = period of r. f. current 

€0 = angular velocity of r. f . current 



/ = wave length of r. f. oscillation 

/o = supply current (constant) 

ii = instantaneous value of arc current 
i = instantaneous value of condenser current f ^^^ (Amps) 
/ = effective value of condenser current ) Fig- (Amps) 
/„ = maximum value of condenser current [""^ ^ (Amps) 



(Farads) 
(Henrys) 

(Ohms) 

(Ohms) 

VSec./ 
/Radians\ 
V Sec. / 

(Sec.) 

/ Radians) 
\ Sec. 

(Sec.) 
(Numeric) 

(Numeric) 

(Sec.) 
/Radians \ 
\ Sec: / 
(Meters) 
(Amps) 
(.\mps) 



ti=/o+t 



Xii • dt^i 



instantaneous value of voltage acrossi 



(See 
Fig- 
ures) 



(Volts) 
(Volts) 



the arc 
Vo = d.c. voltage across the arc 

Vo^lCei'dt 

i?c = voltage across the arc when burning ) 

E,+i?e = ignition voltage ( ^^ 

_„ _ greatest numerical value of reversed T ure/) /y ^. \ 

* terminal voltage J ^ ^ 

maximum value of voltage across the ,,- i. \ 

( \ olts) 



(Volts) 
(Volts) 



£1*^ = 



arc during extinction 
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_ integral value of extinction voltage = 

_ time of the extinction of the arc (see Fig- 
~ ure 14) 
rj _V__ mean value of rise in arc voltage dur- 
~ t^o ~ ing extinction 

__ Intensity of magnetic field (perpendicular 
"to arc motion) 
/f" = most suitable intensity of magnetic field 

a = current density in arc 

p = density of arc gases 

fc = * — r~ : approximate value A* = — f 

go=T yfo^" - when jR=0 

lo To 

g=^T^ f^~' when /J>0 

lo To 

a^6 means "a is much greater than 6'^ 
. _ radio (high) frequency (frequencies over 
10,000 cycles per second) 



(Volt sX Sec.) 

(Sec.) 

(Volts) 

(Gauss) 

(Gauss) 

( Amps \ 
em.* / 
(GramsX 
cm.^ / 
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DISCUSSION 

Valdemar Poulsen (by letter) : It is with great interest and 
pleasure that I have followed Professor Pedersen's investigations. 
Previously we had to find the most suitable magnetic field in 
the different cases in an empirical way. I myself have from the 
very first considered the influence of the magnetic field on the 
arc-generator as a very complicated one. I have therefore not 
put forth any theory with regard to this point. Not having been 
able to give any satisfactory explanation of the dependence of 
the most suitable field upon the different constants of the r. f. 
circuits, I have only discussed this point very sparingly in 
my papers. 

I never found the explanations given by the Authors men- 
tioned in Professor Pedersen^s paper satisfactory. The experi- 
mental data at hand until now have been simply insufficient 
for the solution of this problem. Professor Pedersen has, in an 
admirable manner, procured the necessary experimental material, 
and he has at the same time given an explanation of the different 
phenomena in connections with the magnetic field, which, as 
far as I can see, is in every way satisfactory. 

I wish to take this opportunity to renew my congratulation 
to my friend, Professor Pedersen, on this very important paper. 

Copenhagen, February 2, 1917. 

Leonard F. Fuller (by letter): Electrical machinery would 
be at a great disadvantage in commercial work if the load had 
to be suited to the machine available, rather than the machine 
being designed for the load. Likewise radio transmitters should 
be designed to fit the antenna available rather than by at- 
tempting to make the antenna fit the transmitter. This is 
quite proper, as in high power work especially, the antenna 
constants are always limited by considerations of cost. 

I have read Professor Pedersen's paper with keen interest 
as it deals with the subject of arc theory with the idea of obtaining 
data useful in design work. The designer of arc transmitters, 
and especially of high power units, is constantly required to 
solve problems of which the following is a typical example : 
Given: — Antenna C= 0.01 5 /ttf. 

Antenna R = l to 3 ohms, depending on wave length. 

Wave length range = 5,000 to 20,000 meters. 

Required: — Design an arc converter capable of delivering 

300 amperes in the above antenna, and determine 

the volts and amperes of the D. C. power supply. 
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In the design of the arc, the predetermination of the range 
of required flux densities in the magnetic air gap is the calculation 
of major importance as this affects both the copper and steel in 
the unit and will have a great effect, not only upon the cost of 
manufacture, but also on the general characteristics and per- 
formance of the converter. Determination of size of water 
jackets, electrodes, insulation, etc., are problems of mechanical 
design. 

I am very glad to see Professor Pedersen's use of the term 
**normal Poulsen arc,*' and heartily agree with him that most 
previous laboratory investigations published are of little value 
in testing the theory of the Poulsen arc converter. In fact most 
publications dealing with arc theory and performance give 
results which are of little practical utility and are frequently 
dangerous for the designing engineer. 

No arc is a normal Poulsen arc in which the ratio of direct 
current to radio frequency current varies appreciably from 
the \/2. This ratio has l)een checked in units operating at full 
load, and at overload with inputs up to 500 kilowatts. In 
practical work, this frequently provides a very helpful means 
of checking the calibration of switchboard instruments. 

Professor Pedersen*s method of calculating the required 
direct current volts and amperes involves an assumption of arc 
efficiency. It is preferable for the arc designer to compute 
what the efficiency will be from the radio frequency circuit 
constants given him to make his designs. In these calculations 
he will at the same time predetermine the required direct current 
volts and amperes and thus leave nothing to guess-work or 
assumption. Of course such calculations cannot be made without 
the necessary design data and performance equations which 
connect the various variables involved. 

One additional point may be added to Professor Pedersen's 
comments on the appearance of the arc in magnetic fields of 
different intensities. A normal arc working in a magnetic field 
of proper strength will frequently build up hard slate-colored 
tits on the anode from which the arc will burn. These tits are 
usually obtained only with a hydrocarbon atmosphere of il- 
luminating gas rich in carbon, or when using gasoline or kerosene. 
If the ordinary grades of alcohol or the more volatile liquid 
hydrocarbons are used they will not ordinarily appear. Their 
rate of growth is dependent upon anode temperature and they 
do not appear except upon well cooled anodes. By proper 
adjustment of anode cooling water these tits can be used as an 
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excellent protection to the anode tip proper and are a refinement 
in the initial adjustments of an arc which it is advisable to 
consider. 

Pure hydrogen gas briefly mentioned by Professor Pedersen 
is a tempting proposition to the designing engineer, for its high 
molecular velocity so assists the magnetic field in **scavenging" 
or de-ionising the gap that, on short wave lengths especially, 
i. e., when the time allowed for de-ionisation is a minimum, it 
permits material reductions in the magnetic circuit, an expensive 
part of the arc. On large arcs operated on long wave lengths, 
but where heavy currents must be considered, the same argu- 
ments may be cited in its favor, and, in addition, there is thft 
absence of soot deposit. This is often of assistance in the design 
of mechanical features of the unit. 

The disadvantages of hydrogen are its explosive power and 
the inconvenience and cost of obtaining it. Even if produced 
electrolytically at the station, it necessitates distilled water and 
attention to the care of just that much more equipment. Obvi- 
ously therefore the use of hydrogen is a means of helping the 
designer around certain technical difficulties and of reducing 
manufacturing cost at an increase in operating expenses. 

Professor Pedersen's paper is of especial interest to me at 
this time as it deals fundamentally with the problem of pre- 
determining arc performance. The Federal Telegraph Company 
has within the last year built three large arcs, the largest weighing 
65 tons. I have had the pleasure of seeing the smallest of the 
three, a unit nominally rated at 200 K. W., operating on test 
up to 250 per cent, load with the direct current instruments and 
radiation ammeter all reading as calculated. 

Palo Alto, California. March 7, 1917. 
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NOTE ON "THE MEASUREMENT OF RADIOTELE- 

GRAPHIC SIGNALS WITH THE OSCILLATING 

AUDION"* 

By 

L. W. Austin 

(United States Naval Radiotelegraphic Laboratory, 
Washington, D. C.) 

I regret very much that I did not have an opportunity to take 
part in the discussion of my paper which appeared in the August 
number of the *Troceedings." In this discussion there seems 
to have been a certain amount of misapprehension regarding the 
real object of the work, for which undoubtedly the wording of 
the paper was in part responsible. 

The primary purpose of the work was not, strictly speaking, 
to determine the power in the antenna with the audion circuit 
coupled for reception, but rather to make it possible to exter- 
polate the readings of the contact detector to cover the range of 
weak signals beyond the sensibility of the detector. As was 
stated in the paper, the resistance of the antenna with the 
contact detector coupled is the resistance used in the calculation 
of power, and the power itself is usually useful in our work only 
for calculating the strength of field produced at the receiving 
point by the sending station. 

As the contact detector is generally accepted as a proper 
instrument for measuring received signals, it is only necessary 
to show that the audion used as described gives audibilities 
proportional to the square root of the deflections of the detector 
galvanometer. The first part of the paper shows that this 
proportionality exists, at least for the loosely coupled condition. 
A large number of experiments with a distant station sending 
with various antenna currents show that within the limits of 
experimental error, the received audibiUties are proportional to 
the sending current, when the receiving audion is coupled to the 
antenna, and the observations taken as described in the Nauen- 
Eilvese experiments.^ 

* "Proceedings of The Institute of Radio Engineers," 5, pege 239 
» "Journal of the Franklin Institute/' 1916, page 605. 
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Mr. Englund's proposal of a comparison method for measuring 
distant signals is very attractive, and I have spent some time 
in attempting to carry it out experimentally, but have in the 
end concluded that the chances of error due to the varying inter- 
action at different wave lengths between the circuits are even 
greater than in the shunted telephone method, altho the 
observational accuracy may be somewhat better. 

On account of changes in the strength of the telephone pulses^ 
with changing resistance in the circuit, the usual law of shunts 
is useless* for calculating audibiUty and the only method of 
being reasonably sure of correct results is to make laborious 
calibration experiments. The difficulties are considerably greater 
with the telephones in the **B'' battery circuit than when they 
are used in the circuit in parallel with the "B" battery as shown 
in Figure 1 of the paper. 







r 




KSSKh ^ — px 




Figure 1 

I have attempted to eliminate the variations in audion 
sensibility by using the same type of bulb in all the experiments, 
and also by having two audions ready for use, either one of 
which can be thrown in by a switch so that when one burns out, 
a new one of the same sensibility can be chosen by comparison 
with the one remaining. 

I have recently been making experiments with the calibrated 
variable coupling telephone transformer, without iron, and it 
seems possible that the strength of signal may be measured with 
the variable coupling more accurately than by the shunted 
telephone method. 

* Using an audibility resistance box which according to the law of shunts 
should be used with telephones of 5,000 ohms impedance, the best linear re- 
lation is actually obtained by using telephones of nearly 30,000 ohms impe- 
dance. 
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I am very ready to admit that the absolute measurements 
of received signals at great distances hitherto made, may very 
possibly be considerably in error. The subject is of such great 
importance scientifically, that I hope that others will take it 
up as soon as war conditions permit. 
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THE EFFECT OF COMMERCIAL CONDITIONS ON 
SPARK TRANSMITTER CONSTRUCTION* 

By 

Julian Barth 

(Radio Engineer, Marconi Wireless Telegraph Company of America, 
Aldene. New Jersey) 

A radio transmitter is essentially a generator of electro- 
magnetic waves. A spark transmitter, in its usual form, consists 
essentially of an arrangement like Figure 1. 




Figure 1 — Typical Spark Transmitter 

In fundamental terms, £ is a source of electric energy, which 
charges condenser Ci to a potential at which it causes a break- 
down in spark gap 5, permitting the stored energy to oscillate 
in the primary circuit composed of Ci, S, and inductance Li at 
a frequency determined by the constants of the circuit. The 
energy is transferred thru the coupled inductances Li and L2 
from the primary to the antenna circuit, consisting of Lj>, con- 
denser C2 (used only for short waves), and the antenna A. 
This circuit, from which the energy is radiated, is tuned to the 
primary circuit. 

• Presented before The Institute of Radio Engineers, New York, Febru- 
ary 7. 1917. 
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We have here stated the fundamental action of a spark 
transmitter. To put to practical use these fundamental scientific 
ideas requires the art of radio engineering. Actual apparatus 
must be constructed and installed to meet varying commercial 
conditions, and it is this phase of radio which it is the aim of 
this paper to present. 

In bringing up a topic of this nature, there are so many 
factors which might enter into the discussion that it is found 
desirable at once to limit the discussion to a few important condi- 
tions determining the kind of apparatus to be used for a given 
high note, spark transmitter installation, and furthermore, to 
limit it to the description of apparatus already designed and 
constructed by my colleagues in the Marconi Wireless Telegraph 
Company of America and myself, while bringing out the pertinent 
features bearing upon these conditions. 

The chief items for consideration in planning a transmitter are 

1. The nature of the traffic to be handled; 

2. The available source of initial power; 

3. Space limitations; 

4. Permissible expenditure. 

The first factor involves such factors as required distances 
and direction of transmission, volume of business to be handled, 
traffic schedules, interference, and reliability of service. 

The second factor includes the requirements for the produc- 
tion of electric energy to charge the primary condenser. It 
takes into account the availabihty of D. C. or A. C. or the need 
for a prime mover as part of the apparatus. 

The third factor determines simply the size of the whole 
transmitter and the size and shape of its separate parts. 

Of the fourth factor it may well be said that it is "last but 
not least.*' It means to the engineer in his work what a man's 
income means to him in everyday life and requires as strict a 
proportioning of income and expenditure. Economy is, of 
course, always essential, but at times actual inexpensiveness is 
required ; and yet at times outlay for the Uttle niceties of opera- 
tion and for symmetry and neatness is required. 

Without doubt, as far as quantity manufacture goes, ship 
installations demand first attention. To meet this kind of 
business, the company has standardized installations of three 
kinds, two differing from each other only to a comparatively 
small extent, while they differ from the third quite markedly. 
Mr. Harry Shoemaker has minutely described, in a previous 
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paper,^ the 2 and 0.5 kilowatt quenched gap sets for ship use 
known as types P-4 and P-5. What I have to say about them 
adds nothing to his description, but the way in which they 
illustrate good construction for the conditions met with in 
operation makes them fit aptly into this paper. 

Figures 2 and 3 are a front and rear-side of the 2 K. W. 
quenched gap panel set which, with a key, antenna switch, 
antenna, and antenna series condenser, comprises a complete 



Figure 2 — Front of Marconi Com- Figure 3 — Rear and Side of 2 K. W. 
pany 2 K. W. Panel Type Quenched Panel Tv-pe Quenched Spark Set 
Spark Set 

* '^Proceedings of The Institute of Radio Engineers," 1916, vol- 
ume 4, number 4, page 313. 
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transmitter. The conditions which this installation was made 
to meet and how it meets them follow in the order in which the 
factors were previously arranged: 

1. Nature op Traffic. One of the chief considerations on 
passenger vessels is the protection afforded by radio. For 
vessels crossing the ocean or making trips to South America, 
where distances between vessels or between vessels and coast 
stations may average 50 miles (80 km.), a range of a few hundred 
miles (or km.) will cover the zone occupied by several ships, 
thus providing both protection and the convenient handling 
of ordinary traffic. A 2 K. W., 500 cycle, quenched gap set 
was decided on as being able to ensure this range most economi- 
cally. To ensure against the set being out of commission because 
of failure of the quenched gap (which is probably the least 
invulnerable point), a synchronous rotary gap was added with 
a throw-over switch enabling it to be substituted for the quenched 
gap during repairs to the latter. The rotary gap is mounted 
directly on the motor-generator; and the switch is mounted 
above the rotary gap, which latter also acts as a blower for the 
quenched gap. 

The volume of traffic handled on the seas by boats within 
each other^s range is considerable, and must all be carried on 
with a range of wave lengths between 300 and 600 meters. 
Evidently some means for minimizing interference is imperative. 
The set has two distinctive features and a third, auxiliary feature 
for effecting this. There is provided a wave changing device 
for instantly throwing over to any of the three wave lengths: 
300, 450, and 600 meters, after the set has once been tuned. 
To do this, the wave length switch, located in the center of the 
top front panel, operates two switch arms mounted on a common 
shaft. These arms make contact with tap points on the primary, 
the secondary, and the loading coil, all of which (except the 
primary points, which are set in manufacturing), are set once 
and for all when the set is installed. Thereafter, except for 
slight adjustments now and then, the turning of the switch 
handle accomplishes a complete wave length shift. The second 
feature is the low power arrangement. On the front panel, 
just under the generator rheostat, is a switch marked "Low 
Power Open." When closed, it short-circuits an added re- 
sistance in the generator field; when opened, it inserts the 
resistance, which is of just the proper value to give a suitable 
field excitation when only one gap is included in the oscillation 
o;../>,t;f This arrangement is used when traffic is handled 
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between ships up to distances of 20 to 50 miles (30 to 80 km.) 
depending on atmospheric conditions. The whole arrangement 
accompUshes the purpose of getting traffic thru to nearby sta- 
tions without interfering with distant ones. The third and 
auxiliary interference minimizer is the quenched gap, permitting 
of low decrements and sharp tuning, which, in conjunction with 
the three wave length shifts, reduces interference by two- 
thirds. Adding to this the power reducer cuts down inter- 
ference by about 80 per cent, when all these features are handled 
as intelligently as they are by our modern operators. 

The volume of business handled involves a necessity for 
speed of operation. The speeding-up is helped along by an 
automatic motor starter mounted on the lower front panel and 
controlled from the operator's bench. Merely putting the 
antenna switch into the "Send'' position starts the motor and 
throws the generator field in after the machine has come up to 
speed. Throwing the antenna switch into "Receive" opens the 
generator field and sets into operation a magnetic brake on the 
motor, thus stopping it quickly so that the noise of running is 
eliminated while receiving. If the starting and stopping feature 
is not needed for good receiving conditions, a switch on the 
operator's table can short-circuit the contacts on the antenna 
switch which accomplish it. 

2. Available Source of Power. On shipboard, D. C. at 
from 90 to 125 volts is the one source of power always available. 
Hence the method of charging the condensers, taking into account 
also the advantages of a 500 cycle, quenched spark transmitter, 
is to have a D. C. driven motor generator with low tension, 
500 cycle output suppUed to a high tension transformer. 

3. Space Limitations. The space allotment for radio sets 
on shipboard is notoriously small and doors and hatchways are 
narrow. These are the reasons for a narrow panel arrangement 
of small floor space, utilizing height to as great an extent as 
possible. The set stands nearly six feet (2 m.) high and has 
adjustable extension supports to reach the ceiling of the operating 
room. 

4. Permissible Expenditure. This set is intended for use 
on passenger vessels where it is open to public inspection. Hence 
it was considered advisable to make the set as neat as sound, 
rugged construction would permit. A glance at the front panel, 
Figure 2, will immediately impress one with its symmetry. 
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The finish on all parts is uniform, everything being either black 
dilecto or metal with a black nickel plate, except, of course, 
switches, which are copper. In addition, because of the volume 
of traffic to be handled, nicety of operation was considered more 
essential than low cost. 

This set as a whole offers a very good example of the gigantic 
strides made in radio in the last few years, both as to reliability 
in the handling of traffic and in the organization of the manu- 
facturing of apparatus. As a significant illustration of the 
latter, Figure 4 shows a few of these sets awaiting shipment. 



Figure 4 — Group Manufacturing and Testing of 2 K. W. Quenched Spark 
Hets at Aldene Factory of Marconi Company 



Figures 5 and 6 show a 0.5 K. W., 500 cycle, quenched gap 
set built to meet very nearly the same commercial conditions 
as the 2 K. W. sets.^ The one difference is in the nature of the 
traffic. The set« are intended for coastwise passenger vessels. 
The ships are never far from some coast station and it was 
therefore considered that 0.5 K. W. was ample power. The 
smaller set has all the features of the large set but its range is 
smaller, and it is naturally smaller also in physical dimensions. 

The third type of ship installation is shown in' Figures 7 
and 8. The over-all dimensions are roughly 23 inches b}'' 23 
inches by 3 feet high (58 em. by 58 cm. by 91 cm.). The motor- 
generator, rotary gap, transformer, primary reactance coil, 
primary condenser, and hand starter are mounted underneath 
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the frame; the oscillation transformer and loading coil unit 
(of which the primary is movable), the antenna series condenser, 
and the tuning indicator are mounted on top. The set is in- 
tended for use on small cargo vessels only. It differs markedly 
from the two other types of ship installations in two of the four 



Figure 5 — Front of Marconi Com- Figure 6 — Rear and Side View of 
pany 0.5 K. W., Quenched Spark, 0.5 K. W., Quenched Spark Set 

Panel Type Set 
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factors we have been discussing, namely, the nature of traflBc 
and the permissible expenditure. As to the nature of traflSc, 
small cargo vessels naturally have very little traffic to handle, 
and such business as they do handle is not so urgent as that 
of passenger vessels. A power of 0.25 K. W. was considered 
ample for the range required. Such aids to efficient handling 
of a large volume of business as quick wave length shifts, verj^ 



Figure 7 — Front View of Marconi Company 0.25 K. W., 
Rotary Synchronous Spark, Cargo Ship Set 



low power regulators, and automatic starters are not needed. 
There are not even the usual motor and generator rheostats. 
The motor speed and the power will never vary 10 per cent., 
and the set is not critical of adjustment for note. The only 
adjustment necessary is the synchronizing of the gap. 
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As to expenditure allowance, ruggedness and stoutness have 
been substituted for any attempt at beauty. There will be no 
passengers to view the apparatus critically; hence finish has 
been made of secondary importance. Actual inexpensiveness 
is a feature of this outfit. The more rugged rotary gap has 
been substituted for the quenched gap. Because of this, the 



Figure 8— Rear and Side View of 0.25 K. W., Rotary 
Synchronous Spark, Cargo Ship Set 



tuning is less critical, and a tuning indicator consisting of a 
small inductance in the ground circuit, with a small lamp shunted 
across a variable portion of it, is used in place of the more ex- 
pensive aerial ammeter. The coupling adjustment is a simple 
hinged swing of the primary coil, guided and locked on a rod 
extending from the fixed secondary. 

The set, as a whole, is a model of rugged construction at 
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small cost for short range work. We are building a verj" lar^e 
number of these sets now on one order, a few of which have 
been completed; another example of modern manufacturing 
methods applied to radio. 

Figure 9 is a transmitting panel whose reason for being is the 
second factor under discussion, namely, availability of initial 
power. It is built for coast station work where the only power 
obtainable is single phase, 60 cycle, 110 or 220 volt current. 
A single phase, A. C. driven motor-generator of any power gives 



Figure 9 — Marconi Company 3 K. W., 
Non-Synchronous Rotary Gap Set 
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poor satisfaction when it is started and stopped frequently. 
We have, therefore, substituted for the 2 K. W. motor-generator, 
quenched gap, ship sets, a 3 K. W., 1170 spark-per-second, non- 
synchronous gap set. The initial input and the antenna output 
in both cases are practically identical, the motor-generator losses 
about equalling the extra losses in the non-synchronous gap, 
giving the same over-all efficiency; but in the latter case a 
complete motor-generator, an exciter, and a quenched and 
synchronous rotary gap are saved, and in their places are a non- 
sjrnchronous rotary gap, driven by a single phase induction 
motor, and a silencing cabinet to deaden the spark. The latter 
is a double walled wooden box with a 3 inch (7.5 cm.) thick lining 
of ''tinofelt.'' The note obtained is not as clear and high 
pitched as a quenched spark note, but operators claim it is less 
shrill and more pleasant to read, and carries at least as far. 
The set has a quick shift wave length switch for quick handling 
of traffic just as have the ship sets. The parts, starting at the 
top are antenna ammeter, wave length switch, loading coil, 
secondary coil, primary coil, coupling adjuster, control switches, 
condenser, primary reactance coil, transformer, and silencing 
cabinet in which the rotary gap and motor are placed. 

As far as expense is concerned, the set has been robbed of 
all ornament, but everything necessary to make the set con- 
venient for operating has been provided. A set of this type is 
now operating at Sea Gate (near New York City). 

Figures 10 and 11 illustrate the power end of a set which is 
built especially to meet the initial power problem. It covers 
the case of no local source of current supply and is therefore a 
general type of set. There is a 10 H. P., 4 cylinder, marine 
Sterling gasolene engine, with high tension ignition (shown in 
Figure 10), which is run at 2,000 revolutions per minute with a 
fly-ball governor acting on the carburetor butterfly valve to 
maintain constant speed. The large vertical tank in the corner 
is a wat€r tank for cooling, from which the water is pumped 
thru the engine. The horizontal tank on the wall is a 27 gallon 
(102 liters) gasolene tank. The small horizontal cylinders above 
the engines are mufflers. The engine drives a 2 K. W., 500 cycle 
generator (with characteristics like those of the generator of 
the ship equipment) and a 32 volt, shunt wound exciter, thru 
a 2-to-l gear at a speed of 2,000 R. P. M. The exciter is a 24- 
volt series motor for starting duty being fed by a 24 volt, 160 
ampere hour, starting and lighting battery, and after starting 
becomes an exciter. The method of control, P'igure 11, of this 
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outfit is interesting. The handle and wire just to the left of 
the center of the board are pulled down, advancing the spark for 
starting. The handle is attached to a guard, which upon pulling 
the handle down, and only iheny discloses a push button for 



Figure 10 — Duplicate Gasoline Engine, Alternator, and 
Exciter at Siasconset 



starting up the outfit. The push button closes the starting 
clapper switch immediately to the right of the spark control. 
The series starter draws about 200 amperes from the battery for 
about a second and then falls off to zero in about eight seconds, 
at which time the engine has reached full speed and the series 
motor has become a series generator giving about 30 volts. 
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This is enough voltage to actuate a relay immediately above the 
starting clapper switch. This in turn closes the clapper switch, 
which causes a shift in the connections of the exciter to the 
shunt arrangement and throws in the generator field and all 
auxiliary apparatus such as gap blowers. The closing of this 
shift switch automatically trips the starting switch. At the 



Figure U — Starting, Battery, and Exciter 
Control Panels at Siasconset 



same time, the third clapper switch in the row of four closes 
the battery charging circuit, which connects the battery to the 
exciter thru an ammeter (in the upper left hand corner) 
and thru the 15 ampere charging resistance located between 
the clapper switches. The fourth clapper switch automatically 
opens the charging circuit when the batteries are fully charged. 
A voltmeter in the upper right hand corner gives the battery 
voltage when .wanted. The batteries are never used enough 
to become run down, so that, except for looking after the 
electrolyte, the control panel takes complete care of the bat- 
teries. 
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As to space limitations, it is obvious that a set of this kind 
is feasible only for stations having plenty of room; in fact, a 
special engine room is necessary. 

To meet the heavy traffic and ensure continuous service, the 
complete generating outfit and the battery are made in duplicate 
and the lower half of the control panel makes possible the use of 
either battery in conjunction with either generating unit. 

The radio part of the set has no distinctive features, but the 
set as a whole offers a very good example of a set constructed for 
heavy traffic and in such a way that no dependency is placed 
on outside power plants. A set of this kind is installed at 
Siasconset, Massachusetts. 

As an example of how a **semi-high power" station is made to 
meet commercial conditions, there will be described a set which 
is now being constructed for Juneau, Alaska. 

The traffic which Juneau is expected to handle is between 
Juneau and Ketchikan, Alaska, or Juneau and Astoria, Wash- 
ington. The former is 200 miles (320 km.) south with very 
mountainous, rocky country between, thus offering poor trans- 
mitting conditions, and Astoria is 1,000 miles (1,600 km.) south 
with less mountainous country for the last 800 miles (1,300 km.). 
We expect regular thru traffic to Astoria in winter, but in summer 
it would take enormous power to accomplish the same result. 
In summer, Ketchikan will act as a relay station. A 10 K. W., 
500 cycle, quenched gap set was decided on as being sufficient 
for the work. The transmission will all be done on one wave 
length of from 1,500 to 4,000 meters, which will be determined 
by trial and there will be no interference, so that quick wave 
length shifts are unnecessary. The station will also handle a 
small amount of ship traffic, so that a separate antenna suited to 
short waves will be used in conjunction with a 2 K. W., 500 
cycle, quenched gap set. 

Figure 12 is a plan of the station showing the location of 
apparatus. No special compactness of apparatus is required 
since a special building houses the equipment. The entire set 
itself is very little different from a smaller set, each unit simply 
being larger. The incoming 2,300 volt, 3 phase, 60 cycle supply 
comes thru oil switch (1), thru the 2,300-220 volt transformers (2) 
to the motor of the motor-generator exciter, which is stationed 
farthest from the operating room to minimize noise. The 
control panel (27) is in the operator's room. The 10 K. W. 
oscillation transformer and loading coils (8) and (7) are hinged 
spider coils suspended from a post. (16) and (17) are the 
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2 K. W. oscillation transformer and loading coil. (14) is the 
10 K. W. condenser and (22) is the 2 K. W condenser. The 
quenched gaps (15) can be thrown by switches into either the 
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10 K. W. or 2 K. W. oscillation circuits which are always tuned 
ready for use. For 2 K. W. working an added reactance coil 
is inserted in the generator circuit and the 10 K. W., 500 cycle 
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Figure 13 — Radio Freouency Inductances for 10 K. W., Quenched 
Spark Set at Juneau, Alaska 




Figure 14 — Antenna at Juneau, Alaska Station 
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transformer and machine are used for 2 K. W. working. The 
10 K. W. radio frequency coils are interesting types of inexpensive 
construction for high power work and are shown in Figure 13. 
The picture shows them set up at the Aldene factory. 

The 10 K. W. antenna, shown in Figure 14, is of special inter- 
est and carries out ideas based on the space factor. The hne 
of communication is south so that a site was bought in that 
direction to give whatever directional aid is possible. The 
entire town lies on a hill side, and the siteVas so chosen as 
to give the proper direction to whatever reflection would occur. 
The antenna will terminate about 200 or 300 feet (60 or 100 
meters) short of the bluff itself to prevent any closed loop effect. 

It is hoped that in placing before the reader the chief factors 
controlling the construction of transmitters there have been 
brought out those other features which must be taken into 
consideration in the application of the radio art, namely, the 
practical commercial conditions. 

SUMMARY: Six types of commercial sets are considered: 

1. A 2 k.w., Quenched or Rotary Synchronous Spark, Ship Set; 

2. A 0.5 k.w., Quenched or Rotary Synchronous Spark, Ship Set: 

3. A 0.25 k.w., Rotary Non-Synchronous Spark, Cargo Ship Set; 

4. A 3 k.w., Rotary Non-Synchronous Spark, Land Station Set; 

5. A 2 k.w., Quenched Spark, Gasoline engine driven. Land Set; 

6. A 10 k.w., Quenched Spark Land Set for Jimeau, Alaska. 

Photographs and descriptions of these are given, with special reference 
to nature of traffic, power source, space limitations, and expense. 
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DISCUSSION 

George S. Davis: One of the most important features dealt 
with in Mr. Earth's paper is that which permits an operator, 
either skilled or unskilled, instantly and accurately to shift to 
any one of a number of predetermined wave lengths. While 
neither the idea nor the mechanism by which the shifting is 
accomplished is new or novel, the fact that it was included in 
the design of a **standard^' ship equipment testifies not only to 
the thoroness of the designing engineer but to the fact that 
such a device has come to be a necessity in the practical operation 
of a radio transmitter. 

Unfortunately, both the London Convention and the Act of 
August 13, 1912 limit the application of this very practicable 
idea to such an extent that it is impossible to use it to the best 
advantage. In effect, these laws require that all '^general public 
correspondence'* between ships, and between ship and shore, 
be handled on wave lengths of 300, 600, or 1,800 meters. Now, 
bearing in mind that practically all correspondence with ships 
is "general pubHc correspondence," and also that the 300 and 
1,800 meter wave lengths cannot be employed to advantage on 
the average ship, it follows that the 600 meter wave length is 
employed almost altogether, thereby causing a great deal of 
interference. In other words, these laws require practically all 
ships and all shore stations, when communicating with ships, 
to use one wave length — 600 meters and their practical applica- 
tion therefore defeats the purpose for which they were enacted, 
i. e., to promote safety of life at sea by regulations which would 
minimize interference. I do not mean to infer that we should 
not have radio laws and regulations, but they should be framed 
in such a manner and should be flexible enough to permit the 
Government and commercial companies to take the fullest ad- 
vantage of new inventions or devices such as the one under 
discussion to the end that interference from all sources can be 
overcome and new methods devised and adopted which will 
permit the handling of a greater volume of traffic over a given 
circuit at a given time. This will result in an even greater 
protection to passengers and ships than they now have. 

It certainly is not good engineering practice, nor to the 
interest of the public or to the radio art itself, to enact laws 
which, in effect, prohibit the use of new developments, particu- 
larly in a new field, without providing a means whereby regula- 
tions can be revised so as to meet new conditions and permit 
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the use of newer and more highly developed apparatus which will 
better accomplish the purposes for which the laws were enacted. 
I refer particularly to the regulations of the London Convention, 
which are wholly unreasonable when applied to continuous wave 
transmitters such as the "arc/' True, several ships have been 
equipped with arc apparatus, but from all accounts their over-all 
efficiency is seriously impaired on account of having to comply 
with these regulations. 

It is quite possible in my mind that had these regulations 
been flexible enough to permit the use of wave lengths more 
suitable for continuous waves, the development of moderate- 
power continuous wave sets for use on board ships would have 
been seriously undertaken and accomplished long ago. 

The advantages offered by continuous over damped wave 
transmitters are such that the use of the former on shipboard 
would, by virtue of the increased range of transmission and 
reduction of interference, accomplish more in the promotion of 
safety of life at sea than all the regulations that could be devised 
covering the use of damped wave transmitters. Damped waye 
transmitters seem to have reached their limit of usefulness and 
it is to be hoped that at the next International Radio Convention 
the regulations will be revised in such a manner as will permit 
operating companies to take full advantage, particularly with 
respect to shipboard equipment, of developments such as con- 
tinuous wave transmitters, quick wave changing devices and 
other devices which promote accuracy and efficiency in com- 
munication. 

J. B. Elenschneider: Reports from the operator on the 
"Baltic*' state that Seagate can be read 400 miles (650 km.) 
fr<Hn New York because of the distinctive note emitted by the 
non-synchronous spark set. Altho produced by 1,167 breaks 
per second at the rotary spark gap, the note of the received signals 
is more in the vicinity of a frequency of 700 per second. The 
range given is over water and in an easterly direction. Inland, 
and particularly over Long Island Sound, the range is greatly 
diminished. 

The antenna at Seagate is suspended from a wooden mast 
125 feet (37 meters) high and is 175 feet (58 meters) long. It 
consists of six wires spaced 3 feet (1 meter) apart and runs 
from northwest to southeast at an angle of about 45 degrees. 
The southeast or lower end is connected to- the apparatus. 

The fundamental wave length is 390 meters. The trans- 
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mitter is tuned for wave lengths of 600, 450, and 300 
meters. 

The antenna currents and decrements are 9 amperes and 
0.095 respectively for the 600 meter wave, 8.7 amperes and 0.1 
for the 450 meter wave, and 4.8 amperes and 0.11 for the 300 
meter wave. 

The change of wave lengths is effected by manipulating a 
single switch. The coupUng is held constant for the three wave 
lengths as far as the position of the coupling coils is concerned. 

The Seagate Station is one of the busiest stations and mes- 
sages follow each other so rapidly that it would not pay to stop 
the rotary gap motor. The motor is often kept running for 
eight hours at a time. 

The Siasconset generating plant is the first one of its kind 
employed in shore stations and its principal advantage is eco- 
nomy. Heretofore the shore stations have been equipped with 
stationary engines, belt driven generators, large storage bat- 
teries and motor generators, with considerable loss of energy 
between these different units. In the new type generating plant, 
as described in the paper, the losses caused thru belt slipping, 
friction, heat, low efficiency of storage batteries and motor 
generators are reduced to a minimum, and the energy generated 
by the engine is directly applied to the alternator whence it is 
led in the form of alternating current to the power transformer. 

The generating plant consists of a 10 H.P., 4-cylinder, 
4 cycle marine engine geared to a 2 K.W., 500 cycle generator, 
the latter being flexibly coupled to a 32-volt, direct current 
exciter. The exciter also serves as a 24-volt motor which in 
connection with a 24-volt, 160 ampere-hour storage battery 
serves as a starter for the engine. The engine is equipped with 
high tension magneto ingition. The cooUng is effected by a 
rotary water pump which sends the water from a large storage 
tank thru the water jackets and back again to the tank. 

Another pump propels the oil from a tank thru an oil-sight 
into the crank and gear cases. The amount of oil is regulated 
by means of an adjusting screw on the pump. 

The fly ball governor maintains the speed of the engine 
under all changes of the load on the generator-exciter set within 
2 per cent, above and below normal speed. 

A wire runs over pulleys from the operating to the engine 
room, a distance of 30 feet (9 m.). The wire is connected to 
the high tension magneto, which, while the engine is at rest, 
is held in advanced position by a spring. To start the engine, 
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the operator pulls down the handle of the wire which exposes a 
push button for closing the starting circuit. This arrangement 
makes it impossible for the operator to start the engine with 
advanced spark and cause back firing and eventual damage 
to the engine or gears. The engines are run at a speed of 1,000 
revolutions per minute which, by means of the gear at a ratio 
of 2-to-l, gives the generator and exciter 2,000 revolutions per 
minute, which is their normal speed. A 2-to-l reduction is of 
advantage insofar as the load on the starter is greatly reduced 
and thus permits the use of a small starter motor and batteries. 

At first, straight spur gears made of cast iron and rawhide 
were used, but it was soon found out that under the continuous 
impact which is caused by the variation in the generator load 
while the operator is transmitting, this type of gears would not 
answer the purpose. The teeth of these gears wore away rapidly, 
and, after several weeks' use, the gears failed entirely. Owing 
to the peculiar conditions which are brought about by the 
constant change in the generator load, it was necessary to sub- 
stitute straight spur gears with gears of the herringbone type. 

Considerable annoyance was also caused by the noise pro- 
duced by open gears. It was found that open gears, running at 
a pitch line speed of 2,000 feet (650 m.) per minute, even if con- 
structed of cast iron and rawhide or fiber would produce a strong 
shrieking sound varying in intensity as the load on the generator 
was thrown on and off by the operator's sending. The solution 
of this problem was found in the use of a tight gear case filled 
with soft grease. 

The starting current for the engine is approximately 250 
amperes at 20 volts for the first fraction of a second. This 
current shows a rapid linear decay to zero amperes within 6 to 8 
seconds. After this time, the engine attains its full speed and 
the starter motor automatically becomes a generator. 

The station is located on Nantucket Island and gasolene 
has to be transported from time to time from the mainland in 
small boats. In order that the station is supplied with suf- 
ficient fuel for at least two weeks' operation, a large fuel tank is 
installed underground and outside of the station. This tank is 
connected by means of a pipe system and a rotary hand pump 
with a small fuel tank located near the engines. The fuel con- 
sumption of these engines is approximately one pint per horse- 
power hour. 

The original intention was to use one generating set until 
it developed faults and then to use the other set for emergency, 
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giving the latter a running test once a week. This plan had 
worked out well for several weeks until the first engine developed 
serious gear trouble. After the straight spur gears and the 
standard bearings on the second set had also failed, both sets 
were dismantled for the purpose of changing the gears to the 
herringbone type^ running in grease, and also to increase the 
size of the shafts and bearings on the generator. 
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AN AUTOMATIC TRANSMITTER FOR DISTRESS 
SIGNALS* 

By 

Chester M. Agner 
* (Sacramento, California) 

The instrument here described is principally for the purpose 
of giving ships that are not required by law to carry a radio 
apparatus a means of notifying other ships by radio telegraphy 
of their need for assistance, and of their position, in case of 
disability or disaster. This is accomplished without any as- 
sistance from a skilled operator, or one having any knowledge 
of radio telegraphy, or of the code used. There are at this 
moment many ships plying the oceans unprotected insofar as 
radio telegraphy may be considered a protection. They are 
unable to call for assistance and to advise other ships of their 
position in case of disaster or disability.^ 



The apparatus mentioned consists of a brass disc, and a set 
of brass type blocks to be used to form a message. The disc is 
arranged to revolve at a speed of about 2.25 revolutions per 
minute, being driven by a small electric motor. The disc has a 
channel cut around its circumference with marginal internal 
flanges extending into the channel for the purpose of holding the 
type blocks. 

The blocks are curved so as to conform to the curvature 
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of the channel of the disc. They have two longitudinal grooves 
on opposite sides to receive the flanges, so that the blocks cannot 
escape. The grooves on the blocks are of such depth that a 
portion of the blocks projects radially outward beyond the outer 
edge of the disc. On one side of each type block is stamped 
the information, or its abbreviation, which the block is able to 
transmit. 

The blocks shown in the figure consist of: — 

Two— S O S blocks. 

One — Ship^s call letters. 

Abbreviation of word '^longitude*' (Ing). 

Abbreviation of word "latitude" (It.) 

Abbreviation of word *'east" (E). 

Abbreviation of word "west" (W). 

Abbreviation of word "north" (N). 

Abbreviation of word "south" (S). 

Signal (D) meaning "fire." 

Signal (K) meaning "disabled." 

Signal (C) meaning "in life boats." 

Signal (L) meaning "on rocks." 

The numerals. 

Space blocks marked "space." 

The non-conducting portions of the blocks are made b3' 
cutting grooves crosswise on the surface about 0.125 inch (3 mm.) 
deep. These cuts are filled with a composition of w^ax (such as 
shoemaker's wax) and rosin. This composition is fairly hard 
and will adhere perfectly if in the proper proportion. 

The surface of the blocks having the conducting and non- 
conducting portions, will be brushed by a needle when the 
blocks are carried by the disc as it rotates, causing the opening 
and closing of a battery circuit operating a relay. This acts 
as a key in the primary circuit of a transformer. 

Electrical connection between the disc and the relay is made 
by the needle brush and also by making connection at the base 
of the perpendicular axle upon which the disc turns. Grease or 
oil for lubrication is not used on this axle. 

To form a message, it is necessary to select the desired blocks, 
placing them in the channel of the disc. The flanges of the disc 
at a certain point are broken away, so that the blocks can be 
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inserted into the channel This break in the flanges is long 
enough to receive the longest block. The blocks can be placed 
on the flanges only on the right side of the entering place, 
because of the obstruction of a permanent stop member at the 
left end of the entrance. As one flange extends further out into 
the channel than the other, and as one groove of the block is 
made deeper than the other, it is impossible to insert blocks 
into the channel backwards. 

This apparatus is designed to transmit automatically the 
position of a ship in case of distress, therefore the message must 
be arranged according to a certain form, and the spacing between 
words and letters, etc., is so arranged on the blocks as to comply 
with this form. 

Form of message: — 

(SOS) (SOS) (Ship's name) (longitude) 148° 17' (W) (latitude) 
24° 51' (N) (Fire). 

Words between parentheses are single blocks. 

Rule: — Place a space block (marked *'space'0 between degrees 
and minutes in both longitude and latitude: Ing 148 17 W. 
It 24 51 N. 

The spacing between words, letters, or numbers, etc., is 
arranged on the blocks in such manner that they space auto- 
matically with the exception given in the above rule. It can 
therefore be seen that it is a very simple matter to set up a 
message. Altho this apparatus has blocks only for sending a 
position in latitude and longitude, other blocks may be added, 
-such as the alphabet, so that a brief message could be formed 
giving the position of a ship as **so many miles from a certain 
point." This, of course, is not necessary. 

When forming a message, the first block as it is placed in the 
channel should be pushed along until it is stopped by a projec- 
tion in its path, at the point where the blocks were inserted into 
the channel. Each following block should be pushed along 
likewise until it is stopped by the block preceding it. When 
all the blocks forming the message have been placed on the 
flanges, the space between the last block and the part where the 
flanges are omitted should be filled with blank blocks having a 
non-conducting outer surface. These blocks are used to make 
the disc almost evenly balanced, so that when the ship rolls or 
if there is a heavy list, the motor will have a continuous even 
pull. If these blank blocks are not used, and the apparatus is 
not on a level, the motor will have a tendency to slow up and then 
speed as the disc revolves. 
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A block having a set screw is placed on the flanges at the end 
of the row of blocks, its purpose being to prevent the blocks 
from having longitudinal movement. The opposite end from 
the set screw block is held by means of the permanent stop 
member projecting into the channel. 

SUMMARY: A rotating disc is arranged to carry curved blocks on its periph- 
ery. Each block permits transmitting a certain sign. Simple distress ixies> 
sages can thus be sent by imsldlled persons. 
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HARMONIC METHOD OF CALIBRATING A WAVE 

METER* 

By 

E. Leon Chaffee 

(Department op Physih.s, Harvard University, Cambrioqe, " 
Massachusetts) 

The following paper describes a scheme which the writer 
has found extremely useful as an aid in the calibration of a 
wave meter. The scheme makes use of the fact that a non- 
sinusoidal current is resolvable into a fundamental and a series 
of harmonics the frequencies of which are integral multiples 
of the frequency of the fundamental. If the frequency or the 
wave length of any one of the series of harmonics including the 
fundamental is known, then the frequency or wave length of 
each of the other members of the harmonic series is accurately 
determined. 

The scheme may be useful in checking the accuracy of a 
wave meter already calibrated or the method may be of service 
in extending the caHbration of a wave meter either up or down 
in wave lengths if a certain small range of an octave of the cali- 
bration has already been made by some other method. 

In detail the method is as follows: Continuous oscillations 
are excited in circuit (1) of the diagram by means of an audion, 
Pierce mercury bulbS or other form of electron relay using any 
one of the familiar connections. A radio frequency alternator 
would also serve as a source of the continuous oscillations. 
The connections used by the writer are shown in the diagram 
where Li is a single-layer solenoid provided with a tap at its 
middle point; Ci is a variable air condenser forming with L^ the 
oscillatory circuit (I); /?i is the electron relay; Co is a stoppage 
condenser; B is the high-voltage battery which supplies the 
energy for the oscillations; and Si is the source of current which 
heats the filament of the electron relay. 

* Received by the Editor, January 15, 1917. 

*The Pierce mercury bulb descrioed in its original form in U. S. patent 
number 1,112,549, October 6, 1914, but later improved by extending the grid 
across the whole tube, acts as a powerful source of continuous oscillations 
when connected in any of the ways of connecting an audion for generating 
oscillations. 



Digitized by 



Google 



The oscillations in circuit (1) may, under certain conditions, 
show the presence of weak harmonics altho usually the oscilla- 
tions are very closely sinusoidal in form. Strong harmonics 
may be produced by the addition of circuit (2) 

Circuit (2) consists of a rectifier /J, in series with coils L, and 
L2' and a portion of Li. The rectifier may be an audion with the 
plate and the grid connected. L2 is a coil of 50 to 100 turns. 




Z/2' is a coil of a few turns and may, for the present, be omitted 
from consideration. Circuit (2) may be inductively connected 
to Li instead of being directly connected as shown in the dia- 
gram. The current thru Ln consists of a series of impulses cor- 
responding roughly to the rectified pulses obtained if all half 
loops in one direction of the current in circuit (1) are suppressed. 
Because of the non-linear resistance characteristic of the rectifier, 
the pulses are not sinusoidal in form. Whatever their shape, 
the current in L2 can be expressed by a Fourier's series of the 
form 
i = hQ-\-h\COSiot+htCos2cot+hzCos^ iot'\-h4COs4:ioi'\- • • • . 

A third circuit (3), consisting of inductances La and L3', a 
variable air condenser C3, a thermocouple T shunted by a gal- 
vanometer G, is loosely coupled to circuit (2). Circuit (2) can 
be tuned to any of the harmonics of the current in L2. The 
tuning is exceedingly sharp and is best done by means of some 
micrometer attachment on the condenser or by means of a long 
wooden handle attached to the moving element of the condenser. 

The thermocouple T consists of a one mil (0.001 inch = 0.025 
mm.) platinum wire rolled flat and fused at one corner to a small 
piece of tellurium. Its resistance is about 2 ohms. Such a 
thermocouple has been described by Austin.^ G is a Leeds and 
Northrup 5-ohm portable galvanometer. 

2 Aastin, "Bulletin of Bureau of Standards," 7, 1911, page 301. 
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A fourth oscillatory circuit (4) represents the wave meter 
under test and is shown loosely coupled to circuit (3) thru the 
inductance Lz. When circuit (3) is tuned to any one of the 
harmonics of the current in I/2, the galvanometer shows a 
deflection. If now the wave meter circuit (4) be tuned so 
that it has the same natural period as circuit (3), the current 
in circuit (3), and hence the galvanometer deflection, decreases 
because of the absorption of energy from circuit (3). The same 
indicating device, namely the thermocouple and galvanometer, 
therefore serves to tell first, when circuit (3) is tuned to one of 
the harmonics, and, second, when circuit (4) is in resonance 
with circuit (3). 

The procedure adopted in caUbrating a wave meter is as 
follows: Condenser Ci is adjusted so that either the fundamental 
or one of the harmonics falls within the previously calibrated 
range of the wave meter. Condenser C% is then varied until 
circuit (3) is tuned for the fundamental as shown by a maximum 
deflection of the galvanometer. Circuit (4) is next tuned to 
circuit (3). Resonance is indicated by a decrease of the galvan- 
ometer deflection to a minimum. The reading of the wave meter 
is observed. Circuit (3) is then tuned to the next harmonic 
which has double the frequency of the fundamental and circuit 
(4) adjusted again to reduce the deflection to a minimum. This 
process is repeated for several harmonics or for all that are 
sufficiently intense to be of use. The adjustments of the con- 
densers for resonance in both circuits (3) and (4) are easily 
made with a deviation of less than 0.1 degree in 180. 

It has been found usually desirable to ground point (a) to 
prevent resonance of coil L2 when excited by the fluctuations in 
potential of the middle point of Li to which L2 is connected. 
This precaution ensures that the excitation of L\ comes only 
thru the rectifier. Even with this precaution, L2 may oscillate 
if the natural period of the coil approximates the period of one 
of the harmonics of the impulses which pass thru the rectifier. 
This resonance for one harmonic is undesirable because of the 
resulting magnification of the corresponding amplitude in circuit 
(3). This great difference in amplitudes causes inconvenience 
because of the widely different galvanometer deflections, and 
may produce slight inaccuracies in the data due to the differing 
degrees of reaction on the oscillations of circuit (1). The oscil- 
lations of coil L2 were successfully eliminated and properly pro- 
portioned amphtudes of the harmonics of the series were obtained 
by winding coil L2 with about 100 turns of fine high resistance 
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wire. This added resistance is small compared with the re- 
sistance of the audion rectifier and consequently does little 
harm. 

Unless the absorption of energy by circuit (3) is considerable, 
no detectable change in the frequency of the oscillations can be 
observed. Full scale deflections of the galvanometer were ob- 
tained with no harmful reaction on the fundamental oscillations. 
In case there is any doubt as to the constancy of the frequency 
of the oscillations of circuit (1) while circuit (3) is tuned to the 
series of harmonics, it is well to couple loosely to circuit (2) 
thru L2' a control circuit (5) which may be tuned to the funda- 
mental and used to detect any slight change in frequency. 

A typical series of harmonics and the corresponding galvano- 
meter deflections are given in the following table: 



Hannonic 


Deflection 


Harmonic 


Deflection 


1 


72. 


5 


3.6 


2 


66. 


i 6 


2.2 


3 


12. 


1 7 


0.8 


4 


11. 


1 
1 





The scheme described above was used by the writer in the 
calibration of a certain wave meter which has a range from 100 
meters to 10,000 meters. A part of the scale from about 500 
meters to about 1,800 meters was calibrated by the rotating- 
mirror method. The accuracy of this calibration was checked 
and the calibration extended both up and down in wave lengths 
to cover the entire range of the instrument. 

Cruft Laboratory, Harvard College. 

SUMMARY: The output of an electron relay oscillator is passed thru a 
non-resonant, rectifying circuit. The rectified radio frequency is rich in 
upper harmonics. These are used to calibrate a wave meter after a limited 
range thereof has been calibrated by another and absolute method. Details 
of the requisite procedure are ^ven. 
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DISCUSSION 

Julius Weinberger (communicated) : This method of calibrat- 
ing a wave meter also forms an extremely easy means of de- 
termining an electrical constant which has heretofore been rather 
a difficult one to measure — namely, the effective capacity of a 
coil, when used as a wave meter inductance (that is, connected 
in circuit with a variable condenser). 

Suppose the wave meter condenser is calibrated, for capacity, 
say at audio frequency. Now, if we tune the wave meter (circuit 
4 in the paper) to the fundamental wave length and note the 
condenser capacity (say d), and then to the second harmonic, 
again noting the condenser capacity (say C2), we have: 

(1) For the fundamental, 

59.6VL(C7+cZ)=;i 

(2) For the second harmonic, 

59.6>/l'(C2+Cl)=2 

where C^ is the effective capacity of coil L. 
Therefore, dividing, we get 



C1-4C2 ^ 

For example, if C,=2276 ftft/ and C2 = 548 mm/. 

Then 

^ 2276-2182 .,^ . 
f^L= 3 =32mm/. 

The beauty of this method is that it is extremely rapid, and 
that it gives the actual value of the coil capacity under operating 
conditions. It is certainly much shorter than any other method 
I know of; and is independent of any other standard except 
the capacity of the variable condenser. The latter can be 
determined with great accuracy at audio frequency; and, if 
the inductance of the coil is measured at audio frequency, the 
combination of these audio frequency calibrations with the coil 
capacity measured at radio frequency as above, will give an 
unimpeachable standard wave meter calibration. 

I have found that the method is applicable to any of the 
high power bulb oscillators, such as the large pUotrons, without 
the use of the rectifying scheme of the paper. These buU^s 
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usually give oscillations with a strong second harmonic, and 
running one of these on the local 235 volt circuit, I have found 
it quite practicable to make calibrations of various sorts, with 
a * 'current square meter*' of 80 milliamperes maximum scale 
deflection as indicating instrument in the wave meter circuit. 
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THE COUPLED CIRCUIT 

BY THE METHOD OF GENERALIZED ANGULAR 

VELOCITIES* 

By 
V. Bush 

(Assistant-Professor op Electricai* Engineering, Tufts College, 
Massachusetts) 

Abstract of Paper 

In an oscillating-current circuit there is no impressed electro- 
motive force and the sinusoids which are involved are damped. 

In the alternating-current circuit, a certain function, called 
the impedance, may be used for the purpose of generalizing 
Ohm^s law to apply to such circuits. 

In order further to generalize Ohm's law so that it may be 
applied to oscillating-current circuits, an initial voltage must 
be used instead of an impressed voltage. The function which 
may be used to change this voltage ampUtude into a current 
amplitude may be called the ^Hhreshold impedanceJ^ 

The alternating-current involves an angular velocity. In 
the oscillating-current circuit this angular velocity may be gen- 
eralized to include the decrement of the circuit, and it then be- 
comes a complex quantity. From this complex generalized 
angular velocity may be formed by analogy a generalized 
impedance. This generalized impedance is always zero for 
free oscillations. This law enables us to determine the gener- 
alized angular velocities, and hence the frequencies and decre- 
ments, present in the free oscillation. 

The threshold impedance is derived by a single differentiation 
from the generalized impedance. The use of the threshold 
impedance furnishes a second law to be used in the determination 
of the amplitudes of oscillation. 

These two laws completely solve the oscillating-current circuit. 
They are of importance only when there are several generalized 
angular velocities simultaneously present. 

The inductively coupled circuit furnishes an example of the 

♦Received by the Editor November 29, 1916. 
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utility of the method. In order to render this solution of greater 
practical value, a short approximate method is given in an 
appendix, for solving a fourth degree algebraic equation which 
appears. 

A list of symbols will be found at the end of the paper. 

Introductory 

An oscillating-current circuit is one which oscillates in the 
absence of impressed electromotive force. The quantities in- 
volved are thus damped sinusoids. When there is only a single 
frequency of oscillation, and a single decrement to correspond, 
such a circuit may be readily solved by the use of differential 
equations. When, however, there are several frequencies and 
decrements simultaneously present, such a solution soon be- 
comes cumbersome, particularly as regards the determination 
of the constants of integration in accordance with initial con- 
ditions. 

Similar diflSculties were experienced in the solution of alter- 
nating-current networks. The simple series circuit was readily 
solved by differential equations; but complicated networks pre- 
sented diflSculties. 

A practical method was obtained for the alternating-current 
case by the introduction of the concept of impedance. This 
impedance was simply the function of the constants of the cir- 
cuit which divided into the amplitude of voltage would give the 
amplitude of current. The solution of a network, then, required 
simply a knowledge of the rules for forming the impedance of 
the network from the several impedances of the branches. 

If we attempt to generalize this law in a similar manner so 
that we may apply it to the oscillating-current circuit, we are 
confronted with the fact that here we have no impressed electro- 
motive force. We must then use some other voltage; and for 
this purpose the initial voltage present in the circuit offers itself. 
This initial voltage may be due to an initial charge present in a 
condenser; or it may be due to an initial current thru a resistance. 

We seek, then, a function of the constants of an oscillating 
network such that it may be divided into an initial voltage to 
give an initial amplitude of current oscillation. 

Angular Velocities 

In forming the impedance of an alternating-current circuit 
we encounter the *^ angular velocity^ ^ of the circuit. This is the 
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time rate of change of the argument in the impressed voltage 
expression : 

e = Ecos{(ot) volts. 

It receives the name ^^angular velocity'* because of the usual 
representation of such a quantity by means of a revolving plane 
vector. 

If we make use also of the symbolic operation j, such a vector 
may be represented by the expression : 

e=££^"' volts. 

In an oscillating-current circuit we have present also log- 
arithmic decrements. 
In the expression : 

where n^ —a+j w hyp. /sec. Z 

we have both the usual angular velocity and the decrement 
present, for the expression may be rewritten in the form : 

Ae-*'e^«' Z 

when it is seen to consist of the alternating-current term, multi- 
plied by a damping factor. 

It will be convenient to call the complex quantity n, which 
includes both the angular velocity and the decrement, the ^'gen- 
erahzed angular velocity'* of the circuit. 

Using this generaUzed angular velocity, we may form gener- 
alized impedances, admittances, etc., by analogy with the alter- 
nating-current case. 

First Law of Oscillating-Current Circuits 

If an alternating current of angular velocity co passes thru 
a branch of impedance Z, the voltage across the branch is given 
by the product of the current and impedance. 

It may readily be shown that this is also true if the current 
is oscillatory with a generalized angular velocity nK 

Hence it follows, since the impressed voltage in an oscillating- 
current circuit is zero, that the generalized impedance of the entire 
circuit must be zero. 

This fact, which appears in Rayleigh's Theory of Sound, in 
Heaviside's "Electrical Papers," and in Helmholtz's works, 
may be taken as the first law of oscillating-current circuits. 

The application of the law enables us to determine the un- 

* "The Impedances, Angular Velocities, and Frequencies of Oscillating- 
Current Circuits"— A. E. Kennelly, "Proc. I. R. E.," 1915. 
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known ^rnoralizod an^ilar velocitios of any given oscillating 
circuit, for the ccjuation ol>taine(l on equating the generalize<l 
impedance to zero, may he solved for n. There may, of coursi% 
he several values of w, the generalized angular velocity, which 
appear as roots. 

Upon separating these values of n into their real and imagin- 
ary portions, the decrements and angular velocities may be 
respectively found. In this way we may determine the damping 
factors and frequencies present in the free oscillation of any net- 
work. 

The application of this law to practical circuits has lK»en 
investigated by Eccles, Campbell and Kennelly.* 

Second Law of Oscillating-Current Circuits 

When the circuit oscillates at a single fretiuency, the ampli- 
tude of oscillation may be found by inspection. When s<*veral 
freciuencies are simultaneously present, there is needed a law 
which will determine the amplitude of the various terms of the 
current expression. 

If the equation from the first law: 

z = ohms Z 

yields as roots 

flu H2i ' ' ' hyp./sec. Z 

these are the generalized angular velocities of free oscillation; 
and it follows that the current in the circuit will be of the form: 

/ = .4i£">'+.42£"''+ .• • • amperes. 

It is our problem to determine the A's. If li is the initial 
voltage of the circuit, we seek a function which will divide into 
E to give A, 

Such a function will be found in the expression: 

n-i— ohms Z 

an 

and this expression may appropriately be called the ^Hhrcshold 
impedance"' of the circuit. This fact is here given without proof; 
as a formal proof is necessarily too long for a paper of this char- 
acter. 

«Kcrles, ^'Electrician," 1915; 'Thys. Sue. Proc," 24, 1912. 
Campbell, "Proc. A. I. E. E.," 1911. 
Kennelly, ''Proc. 1. 1\. E.," 1915. 
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Heaviside* gives without proof the following formula for 
the current in a network when a voltage E is suddenly applied : 

. E , JL E 



r=i \an/ 
E 

' \d n/„ =„, * \d n/n = 



. A' I E ,n,t , E c"2'j. 



Am... ■ 

where Wi, nj * * * w„ are the roots of z (n) =0. 

z is the generalized impedance of the circuit, a function of n. 
z (0) is the value of the generalized impedance obtained on in- 
serting n = 0. 

I - I is the value of - obtained on inserting r?^ for ii, 
\fin/„, (In 

Wagner* proves this formula by the use of the function 
theory. A summary of Wagner's proof is given in Appendix 
B of this paper. 

In circuits in which the charged element is a condenser, 
z (0) is 00; so that the first term disappears. The second 
term may also be considered the current on discharge for such a 
case, since the charge and discharge currents are equal and oppo- 
site. If the charged element is not a condenser, the first term 
may not disappear, and the full formula should be used. 

Heaviside's formula applies to any system, physical or elec- 
trical, of any number of degrees of freedom, in which the relation 
between the magnitudes involved may be expressed by linear 
differential or algebraic equations. The oscillating-current cir- 
cuit is a special case to which the formula applies. For this 
case the proof as given by Wagner is valid without qualifica- 
tion. 

The use of this formula is particularly advantageous in 
finding oscillating-current solutions; because of the fact that z 
may be formed by rules already familiar from the alternating- 
current circuit, without referring to the differential equations 
of thp circuit. 

'Heaviside, "EJec. Papers," Vol. 2, page 373; "Electromagnetic Theory," 
Vol. II. 

*Karl Willy Wagner, '^\rehiv fur Elektrotechnik," 1916, IV Band. 
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Wc may then stat<* as a second law of oscillatinK-current 
circuits: 

The initial amplitude of current oscillation equals the initial 

voltage of the circuit divided by the threshold impedance. 

dz 
There will be a value of n, a value of n^—, and hence a 

dn 

form in the current expression, corresponding to each root of 
the equation: 2 = 0. 

In forming the threshold impedance, it is necessary to form 
the generalized impedance z of the circuit considering the ini- 
tially charged branch of the circuit as the main branch. 

Solution of Circuits 
If a network contains an initial store of energy in one branch, 
corr(»sponding to an initial voltage E, the current of free oscilla- 
tion in the circuit may be found by the following steps: 

1. Form the generalized impedance z of the circuit, consider- 
ing the initially charged branch as the main branch. 

2. Equate to zero, and solve for n. Call the roots of the 

equation rii, w^, • • • • 

dz 
8. Form the threshold impedance n , 

dn 

4. Write the current expression in the form; 

'■=' ^ 'A +(4-^"i + • • • 

Jl \Jj amperos 

dn /«=ni \ an In^m 

or: . ^s:i £ ^„e 

n 



-2 



dz 

dn amperes. 



In this expression the generahzed angular velocities, and the 
amplitudes are in general complex quantities. 

Upon reducing by the use of the identity: 
£^"' = cos CO t+j sin (0 1 
the imaginary portions of the expression will cancel out, leaving 
a real expression for i. 

If there are several stores of energy initially present, they 
may be considered separately and the results added. 

The current or voltage in a distant portion of the network 
may be found by combining the generalized impedances of the 
elements of the circuit, in the manner of simple resistances. 

A case of suddenly applied electromotive force may be con- 
sidered as the inverse of discharge from the final state attained. 
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Illustration 

As a simple example to show the method, consider a con- 
denser of capacitance C, initially charged to voltage E, and dis- 
charging thru resistance R (Figure 1) 





nEaatMKt 


CAAkCfTAMa 


^ 


C ^R 




FinuRE 1 



Here the generalized impedance is: 

z = It + } 
in 

Equating to zero we obtain : 



ohms. 



n= — 



HC 



The threshold impedance is: 

dz ^_ 1 
d n Cn 

Hence the current in the circuit is: 



/= -^-£"' = i 



dz 
dn 



E 

i 

1 

"€71 



hyp./j 



sec. 



ohms. 



E --L 

— e HV 
R' 



amperes. 



Ti<C 



This result may be checked by inspection. 

The Coupled Circuit 

The method is very useful for the solution of the circuits 
which occur in radio work. 

It will be illustrated on the simple inductively coupled circuit. 

In the circuit of Figure 2, R\, Li, Ci, are the primary, and 
RiLiy Ci the secondary constants. M is the coefficient of mutual 
induction. The primary condenser is considered as discharging 
from an initial voltage E. 
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Form the j^enoralizod impedance of the circuit, considering 
the primary as the main branch. 

For an alternating-current of angular velocity <i>, the im- 
pedance of such a circuit is well known to be : 

Zi—^ ohms 

where Zi is the impedance of the primary and Z2 of the secondar>- 
alone.^ 




Fir.iTRE 2 



Hence, by analogy, we have as our generalized impedance: 



z = Ri+Lin+.^ 

( iti 1 



ohms. Z 



Equate to zero, and clear of fractions and we obtain : 

CiT, (/.,L2- A/2) n'+Cx(\ {RxL2+R2Li) n' 

+ (ri Lx +(\ U +Cx C2 /?, R2) n' + (Ci /?! +C2 /?,) n + 1 = 0. 

Solve this fourth degree equation for n; and we obtain as 
roots the four values of the free generalized angular velocity: 

Wi, ^2, na, rii hyp./sec. Z 

Since these four roots are in general all complex, the solution 
of this equation is often laborious. It may, of course, be solved 
to any desired degree of accuracy by straightforward algebraic 
methods. If it is wished to avoid this labor, the approximate 
method given in appendix A may be used. This method gives 
results sufficiently accurate for most engineering purpast^s. 
The exact method may, however, be used if desired. 

The threshold impedance may be found from 2 by a simple 
differentiation, and becomes on simplifying: 

'"Impedance of Mutuallv Inductive C^ircuits," A. E. Kennelly, **The 
Electrician," London, Vol. XXXI, 1S93, page 699. 
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Into this expression we may insert the four values of n found 
above. 

The primary current is then given by the expression: 

.^J clz amperes Z 

an 
where the summation extends over the roots of n found from 

2=0. 

The voltage induced in the secondary is found by multiplying 
/i by — JV//i, and is: 

-^J dz volts. Z 

an 
The secondary current is then found by dividing this voltage 
by the generalized secondary impedance: 



^zMn J_^^, 



^ ^^ I fjz^ amperes. Z 

R2+L2n+pr- ^t" 
C2W an 



Numerical Example 

This solution was applied to a test circuit at the Massachu- 
setts Institute of Technology, and the results were checked by 
oscillograms and by comparison with the usual approximate 
methods of solution. 

The constants of the circuit were: 

fli = 1.937 ohms 
722 = 2.531 ohms 
Li = 7.52X10 -^henries 
La = 7.63X10 "^henries 
Ci = 13.51 microfarads 
C2 = 24.62 microfarads 
A/ = 3.475X10"^ henries 
£ = 7.2 volts, initial 

Inserting these values in the equation 2 = 0, and reducing 
we obtain : 
n*+7.45X102n3+1.930X10'n2+5.88X10»n+6.635X10i' = 
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On solving this algebraic equation by the method of the 
appendix, there was obtained: 

-249.2±i3827l / 

-123.3dzi2129] H>p.,.>ec.z 

for the four free generalized angular velocities. 

These four values of n, and the values of the constants in- 

dz 
serted in the expression of n-^-* give four values for the 

an 

threshold impedance. Dividing each of these values into the 

values oi E gave the four amplitudes: 

-0.00396=Fj 0.1460") 

0.00396=Fi0.0228j ampereb. ^ 

Thus the primary current can be written: 

/i = (-0.00396-i 0.1460) e<-2*»2+;3^7)* 

+ ( - 0.00396+i 0. 1460) £(-249 2-/3827)1 

+ ( 0.00396-j0.0228)£^-^^-^+^'2i29)« 
+ ( 0.00396+i 0.0228) £(-1233-/2129)/ amperes Z 
Reducing the exponential terms to their trigonometric 
forms, and combining, this expression becomes: 
i, = £-249.2< ^ __ 00792 COS 3827 <+0.292 sin 3827 

+6-^23.^^(0.00792 cos 2129 ^+0.0456 sin 2129 Oami^eres. 
or better: 
/, = 0.292 £-^^" -' sin (3827 1 - 0.0272) 

+ 0.046 £-'^^'6in (2129^+0.1719) amperes. 

Here we have the amplitudes, phase relations, and damping 
factors for the two terms of the primary current. 

To obtain the secondary current amplitudes, we have t^ 
nmltiply the primary amplitudes by the ratio 

M n 

1 numeric. Z 

K 2n 
Inserting the values of the constants and of the root^ for 
this ratio takes the four values: 

-0.732 \ 3°32.(/ 

-0.732 \H2£' 

2.528 \6°14.3' 

2.528 \6^14.3' numeric. Z 
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Multiplying the four primary amplitudes by these respective 
ratios, gives the four secondary amplitudes: 

-0.00370+^0.1069 
-0.00370-i0.1069 
+0.00370 -j 0.0585 
+0,00370+i 0.0585 amperes. L 

The secondary current expression may now be written in the 
same manner as was the primary current expression. It re- 
duces to the form : 
t2 = €-249.2<^ _Q QQ74Q ^^^ 3g27 < «o.2138 sin 3827 i) 

+£"^^•^'(+0.00740 CQ^ 2129^+0.1170 sin 21290 amperes 

or: 

H= -0.214 €-^®-2'stn (3827^+0.0346) 

+ 0.117 €"^^^'«in (2129 <+0.0632) amperes. 

SUMMARY: The generalized impedance 2 of an oscillating circuit may be 
formed from the generalized angular velocity of oscillation, n, by analogy 
with the alternating-current circuit. 

Equating this generalized impedance to zero, and solving for rt, gives the 
free generalized angiilar velocities of oscillation. The real and imaginary 
portions of these free generalized angular velocities are used to find re- 
spectively the damping factors and frequencies of oscillation of the circuit. 

From z may be found the threshold impedance of the circuit n^^* 

an 

Dividing the initial voltage of the circuit by this threshold impedance gives 

the initial amplitudes of current oscillation. 

The use of these two rules determines the complete expression for the 
oscillating current in any oscillating-current network. 

The method applies to the simple inductively coupled circuit. A com- 
plete exact solution for the case of primary condenser discharge may be 
readily obtained. The method is of particular service in numerical problems. 

An approximate method of solving the biquadratic obtained when coup- 
led circuits are considered is given in an appendix to the paper. 
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APPENDIX A. 

Approximate method for the solution of the fourth degree 
algebraic equation occurring^ in the coupled circuit problem. 
This equation: 

CxCt (LiL,-M*) n*+CiC2 {RiU+RtU) n» 

+ {CiLi+CtLt+CiCt fii Rt) n«+(Ci Ri+CtRt) n+1 =0 

numeric Z 
may be written in the form: 

n*+ ocn»+/3n*+7n+^ = (hyp./sec.V ^ 

where LiR^+LtRi 

oc = 



/5 = 



LiLt-AP 

L \C\ +Z/J Ci + /?i i?f C\ C2 

CiC2(LiL2-3f2) 

/?lCi+/22C'2 



C,C2(LiL2-A/') 

.^ _ _ 1 _ 

CiC2(L,L2-Af') 

The approximate method depends upon the fact that the 
absolute values of the roots of this equation are not greatly 
different from the absolute values of the roots of the equation 
found for Ri = R2 = 0. 

The equation for[^the circuit without resistance will be: 

n'+Xn^+S^O (hyp./sec.)* ^ 

where ; = _ ^^^ +J^C^ _ 

C,C2(LiL2-3/2)' 

This equation is readily solved; and will yield as roots a 
pair of imaginary values: 

j Xi and j X2 hyp. /sec. Z 

Now if the desired roots of our complete equation^are: 

— aztjft 

— citj d hyp./sec. Z 

we may express these also in polar form as: 

y\ yOxyVi <0i 

2/2 Z ^2, yt < ffi hyp./sec. Z 
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and by examining the relations between the roots and coeflS- 
cient of our algebraic equation, write: 

(1) a+c=| 

(2) yi^+y.'+^ac^P 

(3) 2at/2«+2c2/i» = 7 

(4) yi^y2^^d=xi^X2^ 

From (4), since Xi and j/i, X2 and yz are nearly equal, we 
may write as a first approximation : 

y2^xt(l+q) hy p./sec. Z 

where ^ is a small quantity. 
Also from (1) : 

OC OC / 

- — a = c — — = p hy p./sec. 

Substitute in (2) and (3) 
xi^ (l-qY+Xi^ {l+qy+4: (^ -p) (x+p) ^^ 

Expand, and neglect the square of g in comparison with 
unity: 

(xi'+x^^) -2q{xi'-X2^)+~ -4 p*-/3=0 (hyp./sec.)^ 

^ (xi^+x,^) _|.p (^^2 « 3.^2) _ 2 p (7 (xi«+a:i«) - g — (xi« -X2*) = 2 

(hyp./sec.)' 
Use as abbreviations: 

x^-x^-^i (hyp./sec.)2 

and the equations become : 

CT" 2 

5-25^+-— -4p2-i3 = (hyp./sec.)2 

— -25ps+p< 22" (hyp./sec.) 

These equations may be solved simultaneously for p and g, 
giving: 

«^+ 0C7S-72- ac^i^-pt^ 

^= 2K2.^+f^+cc7-2.^) ^^^^"^ 
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and: 

Since s and ^ are nearly equal, it is better to write a fur- 
ther abbreviation: 



and hence obtain: 






oc7s-<2^-7'^- ocSr) 



I 

We may now give the rule by which to obtain the free 
generaUzed angular velocities of the coupled circuit with con- 
stants /2i L\ C\ Ri Li Ci M, 

1. Solve the circuit without resistance. Call the absolute 
magnitude of the angular velocities obtained : X\ and x^, 

2. Form the function: 

_ OCT' -f^ii-72- a:2^ 
^ ~ ' 2 t\e+Voz'-'2 s u)' 
where oc , ^, 7, ^ are as given above, 

8 = Xi^-^X^ 
t—Xi^—X^ 

and a Ri R% 

u = p-~s=^ 

L1L2 — M2 

3. Write: 

yi = xi{l-q) 2/2 = 3-2(1+9) 

and 1/1, t/2 are the absolute values of the generalized angular 
velocities desired. 

4. Form the function 



5. Write: 



p= 


^1 


- az8+ cc 
4<-8g,s 


qt 




a-- 


oc 
" 4' 


+V 






C-- 


C3C 
"1 


-P 





and a, c are the decrements desired, so that the generalized 
angular velocities are : 

and —cdzj y/y^ — c^. 
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As an illustration of the method to show the degree of ap- 
proximation, a circuit with constants: 

Ci = 10-^ farads 

C2 = 10~^^ farads 

fli = 1000 ohms 

722 = 2000 ohms 

Li =0.025 henries 

1/2 = 0.040 henries 

M = 0.020 henries 

where the resistances are purposely assumed large, was solved 
by the exact and the approximate methods, and gave results 
agreeing to at least five significant figures. 

q, in this case, was 0.000870, so that the assumption that 
the square of q could be neglected was evidently justified. 

APPENDIX B. 
Summary of Wagner^s Proof of Heaviside's Formula 

Wagner's proof is general, and applies to physical as well as 
electrical systems. This abstract of the proof will treat elec- 
trical oscillating systems only. 

The constant voltage, which is suddenly applied to the net- 
work, is when t<0, and E when t>0. Such a function may 
be represented by the Fourier integral : 

m-/~.f'^d. (I) 

where n is the complex variable of integration.* 

This expression may be transformed to one with a closed 
path of integpi^n as follows: About 0, Figure 3, describe a 
circle of radius ft. Examination will show that as R becomes 
infinite the integral vanishes along BCA for negative values of 
ty and along BDA for positive values of L For negative values 
of t we may hence replace the open path of integration by the 
closed path of AOBCA^ and for positive values of t by the path 
AOBDA. 

Since the integrand is everywhere regular, except at the 
origin, it follows that the first of these integrals will be zero, 

• Malcolm, "Transients in Subn-arine Cables," "The Electrician," Mav 
10. 1912. 
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while the second will have the value 2n-j times the residual 
of the integrand at the origin. This residual is unity. Hence 
the expression: 

AOBCA AOBDA 

has the value when <<0, and the value J? when t>0; and hence 
faithfully represents our function. 




Figure 3 



The voltage applied to a circuit, and the current in the circuit 
are always connected by a linear differential equation. This 
may be written symboHcally: 

e=F{D)i or i = ^'^^^ 

where D represents the differential operator — 

at 

If € follows an exponential law of variation with the tiiiie, 
such as: 

it is well known that the current will then be of the form: 

gk I gk t 

Now in our Fourier integrals above we have expressed the ini- 
pressod voltage as the sum of terms of the form: 

n 
and these terms follow the exponential law of time variation. 
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Hence corresponding to the voltage increment there will be a 
current increment: 

nZin)' ^^^ 

where Z (D) is the function of the diflferential operation from the 
equation of the circuit: 

e=Z(Z))i 

The function Z is thus the generalized impedance of the circuit. 
Since the relations are linear, the effects of separate increments 
of the potential add simply to give the total effect. 

Thus we obtain for the current in the circuit when t>0, the 
expression : 

^=2^JnZ(n)^" (4) 

AOBDA 

The other integral, which gives the current when f<0, must be 

zero. Hence the function - — can have no poles, or Z (n) can 

Z{n) 

have no roots, which lie in the positive half of the real plane 
This readily follows from physical considerations. This fact, 
and the limitations on Z (n) when more general systems are 
under consideration, cannot be entered into here. 

The value of the expression (4) for the current may now be 
determined by the evaluation of the integral. 

The integrand has poles at n = 0, and at the roots of Z (n) = 0. 
Suppose these roots to be: 

Then the value of the integral is 2 7rj times the sum of 
the residuals of the integrand at 0, rii, nz, . . n,^- This 
follows from the fact that, since the integrand is everywhere 
regular except at these points, the path AOBDA j Figure 4, 
may be deformed into a path consisting of a small circle about 
each pole, Figure 5. The value of the line integral for one cir- 
cuit positively about a single pole is 2 rrj times the residual 
of the function of that pole. 

If Nr is the residual of the function : 

nt 

nZ{n) (5) 

at the pole n^, and No at the origin, then the current is given 
by: 
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(6) 



r-l 



To determine Nr the function (5) must be developed for the 
region about n^, into a Laurent series in 

(n-rir) 







1 y 

1 



Figure 4 



For abbreviation put (w — n^) =f 



We 
have 
the fol- 
lowing: 



1 ^ 



iH-f.+e^ 



-^w+Kfl-^KS)..- 



If the expansion of (5) is 






nZ 



the coefficient -4 _i is the residual A^^ which we seek. 
From (7) this may be seen to be: 



Nr = 



^rirt 



"'©„, 



(7) 



(8) 



(9) 



To obtain the residual at the origin we use the expansion 
in the vicinity of the origin : 



nZ{ 



"' '■(^(»)+»©. 



+ 



Digitized by 



Google 



from which 



iV« = 



1 

Z{0) 



Usmg (9) and (10) in (6) we obtain finally: 
E , ^ E 



z{oy 






(10) 



(H) 



which is the Heaviside formula. 

In this expression the first term on the right hand side 
is the steady state term, and the remaining terms give the 
transient. In cases where the current is finally zero, the steady 
state term disappears. 




Figure 5 



From the above derivation certain hmitations as to the 
character of the roots of Z may be noted. 

The roots must be negative in real part. Since a positive 
real part would mean physically, a circuit oscillating with a 
continuously increasing amplitude, this is of interest only in 
showing that Heaviside's formula is hmited in appUcation to 
such systems where this occurs; e. g., in the unstable arc. 

The roots of Z must be distinct from each other and from 
zero. The case of multiple roots requires further treatment. 
This treatment will be found in Wagner's paper. 

Singularities in Z do not appear in the treatment of the 
usual networks 



381 



Digitized by 



Google 



LIST OF SYMBOLS USED 

e Instantaneous electromotive force. Volts. 

I Instantaneous current. Amperes. 

E Maximiun or initial value of voltage. Volts. 

/ Maximum or initial value of current. Amps. 

(0 Angular velocity, 2/tX frequency. Radians per 

second. 

n Generalized angtilar velocity. Hyperbolic ra- 
dians per second. Z. 

oc Logarithmic decrement. Hyps, per second. 

j The pure imaginary \/— 1- 

e Base of Naperian system of logarithms. 

2.718 • • • . 

A A constant amplitude. Z . 

z Impedance. Ohms. 

Z Generaliz3d impedance. Ohms. Z . 

R Resistance. Ohms. 

L Inductance. Henrys. 

C Capacitance. Farads. 

M Mutual inductance. Henrys. 

°^ > ^) 'Z) ^) ^' CoeflScients of algebraic equation. 

^1 ^2 2/1 2/2 Absolute values of generalized angular velocities, 

a, 6, c, d Rectangular components of generalized angular 
velocity. 

^1 02 Polar angles of generalized angular velocity. 

Py q Correcting factors, 

s, ty u Constants. 

Z Sign of a complex quantity or equation. 
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SOME EXPERIMENTS WITH LONG ELECTRICAL 
CONDUCTORS* 

By 

John H. Morecroft 

(Associate Professor of Electrical Engineering, Columbia 
University, New York City) 

The object of this paper is to give an elementary non-mathe- 
matical discussion of long electrical conductors, showing how 
the apparent inductance, capacity and resistance of such con- 
ductors depend upon the frequency, loading, etc. ; also to show 
the distribution of current and potential along such conductors, 
with particular reference to the case of quarter wave length 
oscillations such as are used in radio antennas. The subject is 
treated altogether from the experimental standpoint; from the 
experiments described certain relations are obtained which may 
prove useful in calculating the oscillation period of an antenna. 

By the term "long electrical conductor'* is meant one on 
which an appreciable portion of a wave length is developed. In 
this paper the conductors considered particularly have electrical 
.lengths equal to from one quarter to one twentieth of the wave 
length of the impressed frequency. It is to be remembered that 
the electrical length of a conductor depends entirely upon the 
frequency used in exciting it; thus a 100 mile (160 km.) 25 cycle 
transmission line is a short electrical conductor, while a 1,000 
foot (300 m.) long antenna excited by a frequency of 100,000 
cycles per second is a long electrical conductor. 

Another way of distinguishing short conductors from long 
ones is this: — in a short conductor (loaded only at its end) the 
current is practically the same thruout the whole length of the 
line but in a long electrical conductor the value of current varies 
widely thruout the length of the conductor. Thus the trans- 
mission line 100 miles (160 km.) long might have a current of 
100 amperes at the generator end and 98 amperes at the load end 
while the 1,000 foot (300 m.) antenna might have 100 amperes 
at the beginning and would have no current at all at the farther 
end. 



♦ Received by the Editor, March 19, 1917. 
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Wave propagation over long conductors has been presented 
critically by such writers as Heaviside, Pupin, Campbell, Ken- 
nelly, Cohen, and others; study of these discussions gives one a 
complete knowledge of wave phenomena but there are many 
who have not the time for such study and who would doubtless 
appreciate an elementary discussion, especially of the standing 
wave phenomena encountered in radio work. It is hoped that 
the experiments outlined in the following pages may prove 
interesting to such readers. 

An electrical conductor, such as an antenna, diflfers from 
the ordinary alternating current circuit, in that its inductance 
and capacity are distributed; the formulas which solve circuits 
having concentrated inductance and capacity do not, in general, 
hold good just because of the distributed character of the in- 
ductance and capacity. To illustrate this point let us consider 
two circuits as illustrated in Figure 1. In sketch a are shown 
a certain inductance L and a capacity C; if the voltage of the 
exciting alt^erri'ator is held constant and the frequency is varied 
it will be found that at a certain frequency the current is a 
maximum and power factor is unity. Moreover there will be 
found only one frequency where these conditions hold. This 
frequency is given by the well known formula 

Now in sketch b is shown the same amount of inductance 
and capacity but it is divided into small parts and distributed 
uniformly. If now we excite this circuit as before, with constant 
voltage and varying frequency, there will be found many fre- 
quencies at which the power factor is unity and at which the 
current has a maximum value and none of these frequencies 
satisfy the above formula for resonance. Of course there can 
be only one frequency which gives a real maximum of current 
but the other resonant frequencies give current values nearly 
equal to the maximum value and much larger than the values 
of current for frequencies slightly higher or lower than the one 
in question. 

The first experiments were carried out to illustrate this 
feature of multiple resonance of the distributed L and C con- 
ductor. Instead of actually using a long line an artificial line 
was used in the laboratory. This line was made up of nine coils 
and condenser sections. The coils were wound of stranded 
conductor and each had an inductance of 0.0415 henry and re- 



Digitized by 



Google 



sistance of 0.702 ohm. They were air core coils and weighed 
about 75 lbs. (34 kg.) each. The capacity units were some 
specially built telephone condensers, having rather small losses 
(at the frequencies used) and capable of withstanding 750 volts. 
They were rated at 1 /xf each but on measurements showed 
an average capacity of 0.915 /jtf. About four hundred of these 
condensers were used in some of the tests. 






one na/kra/ 



i 



^ ^ ^o ^o ^ ^ ^ ^ ^^ 

Z %> yro iL %, %o- %rp-A» %o %» 
o 

Figure 1 



These coils and condensers made possible an electrical con- 
ductor of large enough current capacity that ordinary ammeters 
and voltmeters could be used for most of the measurements. 
One would not be justified in procuring such expensive capacity 
and inductance for carrying out the tests to be described, but 
the equipment had been purchased for some other experimental 
work and proved well suited for the work I wanted to do. Altho 
low frequencies were used the damping was so low that the results 
obtained probably compare favorably with those obtaining 
on an actual antenna. 

This line made up of coils and condensers is styled a ''lumpy 
line"; but it is shown in standard works that when the number 
of lumps is greater than six per wave length the lumpy line acts 
nearly enough like a uniform line. In most of my tests there 
were more than twenty-five lumps per wave length. 

The results of the first experiment are shown in Figures 2 
and 3. A voltage of 20 was maintained constant as the fre- 
quency impressed varied from 12 cycles to 152 cycles per second. 
It will be seen from Figure 1 that three resonant points (meaning 
by resonance, maximum current) were obtained and a fourth 
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one was nearly defined. The upper frequency was limited by 
safe speed of the alternator. Other alternators were available 
which could extend the frequency range to 600 cycles; they 
could not be used however, as their wave forms were not pure 
and purity of wave form is absolutely necessary in performing 
tests of this character. 

Besides the ammeter and voltmeter, a wattmeter was used 
to measure the power supply to the hne. Then from the readings 
of the three instruments, voltmeter, ammeter, and wattmeter, 
it was possible to obtain the apparent resistance of the line, 
the reactance and the angle of phase difference between E and I, 
These results are shown in Figure 3. 

It at once appears that such a line cannot be said to have any 
definite resistance or reactance unless the frequency is specified 
at which these constants are given. The resistance, for example, 
varies between 3 ohms and 350 ohms. The reactance varies all 
the way between 165 positive ohms (inductance) and 165 negative 
ohms (capacitance). And the angle between the voltage and 
current periodically changes from 75° lead to 75° lag. 

When the resistance of a long line is small compared to the 
reactance the frequencies at which resonance occurs are all odd 
multiples of the lowest frequency. Thus 68 cycles is three times 
22.8 cycles (the lowest frequency) and 114 cycles is five times the 
lowest frequency. But if we define resonance in the more 
general sense as being that frequency which makes the reactance 
of the line zero, then we notice that both even and odd multiples 
of the fundamental frequency give resonance. Thus we have as 
the resonant frequencies of this line 22.8, 45.5, 68.0, 90.0, 114.0. 
Within experimental error* these are all multiples of the funda- 
mental frequency, 22.8 cycles per second. 

The results of above tests could have been predicted by the 
use of suitable formulas, such as are given in Kennelly's "Applica- 
tion of Hyperbolic Functions to Engineering Problems. '^ 

Thus if 



r = resistance per unit length 
L= inductance per unit length 
g = conductance per unit length 
C = capacity per unit length 
/= impressed frequency 



(0 = 2::/ 

* The accuracy of the teste outlined in this paper is probably between 0.5 
and 1 per cent. 
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z=r+j (oL 

Then the propagation constants of this line is 

a = Vz~y = V(r+j~(oL) (g+j;oC)=<^+jB (l) 

and the surge impedance of the line is given by 



-4^. 



'+J(oL (2) 

^g+j(oC 

The electrical length of the line is given by al where I is the 
actual length, in whatever units the other constants are defined. 
Now in an open circuited line the current and impressed 
voltage are related by the formula 

lA = — tanhal (3) 

Zo 

where I a = entering current 

£^= impressed voltage and 
tank al is the hyperbolic tangent of the complex angle al. 

In the hne used there was no perceptible leakage in the con- 
densers. The condensers did have some loss due to dielectric 
hysteresis but it was very small at the frequencies used. More- 
over this loss did not vary strictly with the square of the im- 
pressed voltage and hence could not be accurately accoimted 
for by selecting the proper value for gf, the conductance. It 
was decided therefore, to neglect the condenser losses and call 
the conductance negligible. Then the surge impedance Zo was 
calculated for the various frequencies used in the test and was 
found to vary in magnitude but slightly. It was found to be 
33.8 \"3^ ohms for the low frequency and 33.6 \ab° ohms for 
the high frequencies. Its magnitude was taken as 33.7 ohms 
for all frequencies. 

The current /^ should therefore vary in accordance with the 
variations of tank al as the frequency varied. Now by inspection 
of charts or tables it may be seen that tank al goes from maximum 

to minimum values as al goes thru the multiples of '-• With 

the values of al occurring in my test tank al goes from maximum 

values of about 11 to minimum values of about 0.08. 

The calculated range of current variation is then 

20 
maximum 7^ = ^" - X 1 1 = 6.4 amperes 

20 
minimum 7^ = — — X .08 = 0.05 ampere 

OU.7 
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Actually the variation was from 5.00 amperes to 0.06 ampere, 
a very fair agreement when it is considered that the condenser 
losses were neglected. The effect of such losses is to decrease 
the theoretically predicted variation of current, which decrease 
the test actually showed. 

Such an open circuited line will give various voltages at 
the far end as the frequency is varied, the impressed voltage 
remaining constant. 

Theoretically, if 

E^ = impressed voltage 
Eb = yoltsLge at open end 
al = electrical length of line 
then Eb ^E a/ cosh al (4) 

where cosh al is the hyperbolic cosine of the complex angle al. 

Now as al continually increases with increase of frequency, 
cosh al varies cyclically just as does tanh al. For the Une tested 
cosh al varies from 0.09 to a value slightly greater than unity. 
The minimum values of cosh al occur when cd is some odd mul- 

tiple of - , that is when the line is some odd number of quarter- 

wave-lengths long. Formula (4) predicts that with an impressed 
voltage of 20 volts at 22.8 cycles the voltage at the open end 
should be about 220 volts. The measured value was only 157 
volts or about eight times the impressed voltage. The con- 
denser losses undoubtedly account for this discrepancy as a very 
slight condenser loss increases the minimum value of coshal 
very much. 

It is interesting to note here a difficulty in carrying out such 
tests with the facilities of the ordinary engineering laboratory. 
In getting the results of Figure 2, e. g., as the current varied 
from 5 amperes to 0.06 amperes, it was necessary to use several 
different range meters to read these currents. Now if a 1 ampere 
meter was substituted for a 5 ampere meter, everything else 
being the same, the input current would vary as much as 10 per 
cent., due to the inductance of the meters themselves. In getting 
voltages across the line for different conditions an ordinary closed 
circuit voltmeter could not be used at all. On some of the Unes 
tested the voltage across the open end would drop as much as 
20 per cent, as soon as the meter was connected. An electro- 
static voltmeter was used for all voltage measurements; its 
capacity was so small compared to the line capacity that its 
connection did not appreciably disturb the line potential. 
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When an open circuited line is one quarter wave length long 

( or when its electrical length is - ) standing waves are set up 

on the conductor. These standing waves are due to successive 
reflections from the open end and generator end combining in 
the right phase to change travelling waves into stationary waves. 
The standing wave for quarter wave length conductor has a 
minimimi potential at the generator end and maximum at the 
open end; this form of wave is exactly expressible only in hyper- 
boUc functions of complex angles but is nearly represented by an 
ordinary sine or cosine wave. The current curve is also a nearly 
sinusoidal curve, its maximum value occurring at the generator 
end and zero value at the open end. 

These curves of current and potential distribution are shown 
in all texts on radio telegraphy but, in so far as the writer knows, 
experimental results are rather meagre. I therefore obtained 
curves of voltage distribution for the nine section conductor 
previously described, not only for that impressed frequency which 
gave quarter wave length but for several others, each being such 

as to make the line some multiple of ~ hyperbolic angles long. 

These frequencies are the resonant frequencies shown in Figure 3, 
each frequency making the reactance of the line zero. The form 
of voltage curve for each frequency is shown in Figures 4, 5, 
and 6, the notation on each curve sheet making them self ex- 
planatory. The voltage at any point on the line is obtained by 
scaling the distance from the zero line to the curve for the fre- 
quency in question. 

In Figure 4, curve 2-2', the form of voltage distribution curve 
is such as would apparently go thru zero at the center of the line. 
But actually the voltage at the apparent node doe% not go thru 
zero; actually there is no voltage node in the sense that the 
voltage is zero. And there never can be a node of potential on 
such a conductor unless energy is being supplied everywhere 
along the line at the same rate as it is being dissipated at that 
point in the line. As this is practically never the case the so- 
called nodes are only pseudo nodes, the minimum amount of 
voltage being fixed by the amount of energy which must flow 
past the nodal point to maintain the line in a state of oscillation. 
Id Figure 4 this minimum voltage is about 10 volts. 

The point might be raised as to how the voltage vector 
passes thru this nodal point. On one side of the node the voltage 
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has one phase and on the other side of the node the phase is 
just opposite, i. e., nearly 180'' shift in phase occurs in passing 
thru the nodal point. How can this be so if the vector nowhere 
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Figure 4 



goes thru zero value? The apparent ambiguity is due to the at- 
tempt to use a two dimensional figure where a three dimen- 
sional figure is required. The voltage vector winds around the 
zero line in a kind of spiral as we consider consecutive parts of 
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Figure 5 
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the line; this spiral comes closest to the zero line at the nodal 
point but does not go thru the zero line. 

The foregoing material apparently has no direct application 
to radio telegraphy. Such is not the case, however, because 
there are certain problems where the distributed capacity and 
inductance may play a very important part in determining the 
node of oscillation, etc. Thus one of the long Marconi aerials, 



Figure 6 

having a natural wave length of perhaps 7,500 meters, if ad- 
justed to emit a wave length of 10,000 meters or even more, 
will by no means obey the ordinary equations for oscillations, 
connecting frequency, inductance and capacity. 

Also in determining the distributed capacity of coils the 
ordinary formulas give entirely erroneous results. For an ac- 
curate solution of such problems it is necessary to consider the 
fact that the current and potential distribution largely affect 
the value of the constants to be determined. For attacking such 
problems the material already presented furnishes the right 
view point. 

Oscillations In an Antenna 

An antenna is always excited to oscillate in the quarter 
wave length conditions as shown in Figure 4, curve 1-1'. It 
could not be made to oscillate strongly at the half wave length 
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condition of curve 2-2' but might oscillate very well at the three 
quarter wave length condition as shown by curve 1-1' of Figure 
5; also as shown by curve 1-1 ' of Figure 6 which is the one and 
a quarter wave length oscillation. 

A long uniform antenna could be made to have any of these 
three modes of oscillation (or others) but the normal operation 
for radiation efficiency requires oscillation at the quarter wave 
length condition. Hence further experimental data was obtained 
to show ciurent and voltage distribution in a line oscillating at 
quarter wave length. 

If a series inductance or series condenser be added in the 
beginning of the laboratory model the distribution of current 
and potential will be just the same as occur on an actual antenna 
to which such adjustments have been made for the purpose of 
lengthening or shortening the radiated wave. 

Experimental data on such oscillations is given in Figures 7 
thru 11. The natural frequency of the line used was 45.2 cycles. 
By adding 0.142 henries in series, the quarter wave length fre- 
quency dropped to 32.6 cycles per second; and by adding 
0.617 hennes this was further reduced to 20.5 cycles. The 
current and potential distribution shown in Figure 9 give the 
conditions as they occur in a long uniform aerial emitting a 
wave about 2.5 times the natural wave length. It is to be noticed 
that as inductance is added in the base of an antenna the potential 
tends to become uniform over the whole length of the antenna 
and the current decreases from the ground end toward zero at 
the open end on a nearly straight line instead of a sine curve as 
it does for the unloaded antenna. 

With a series condenser of 165 microfarads in the base 
Figure 10 was obtained, and with 82.5 microfarads in the base 
Figure 11 was obtained. The latter corresponds to an antenna 
oscillating at a frequency about 30 per cent, greater than its 
natural frequency. The current is now a maximum not at the 
beginning of the line (base of the antenna) but somewhat along 
the line. Where the current is a maximum the voltage is a 
minimum. The voltage curve crosses the zero line in both 
Figures 10 and 11 but the voltage does not go thru zero and so 
the curve is shown dotted in this portion. This anomaly comes 
about in trying to represent the voltage curve in two dimensions, 
as previously noted. 

The voltage impressed on the line is the same in Figures 7 
thru 11. But it is seen that whereas the entering current is 
nearly 5 amperes for the unloaded line and the maximum voltage 
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18 345 volts none of the other curves show values as large as these. 
Thus when by loading the quarter wave length frequency has 
been reduced to about 40 per cent, of the natural frequency, 



Figure 7 



the entering current is only 1.44 amperes and maximum voltage 
on the antenna is 148 volts. To get the same input current as 
for the unloaded line would require that the impressed voltage 
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Figure 8 
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be increased more than three times. The same effect occurs 
when the natural frequency is increased by series condenser. 
Hence we see that when the wave length of an antenna is in- 
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Figure 9 



creased by loading or decreased by series condenser, it is neces- 
sary to change the adjustment of the coupling transformer if 
the same current is to be maintained in the antenna. The 
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results given above apply directly, of course, only to continuous 
wave operation but hold good also for damped wave oscillation. 

The curves of Figures 7 thru 11 show that no matter what 
the frequency may 6e at which the line is oscillating, the current 
and voltage distribution are nearly sine waves, just as for the 
unloaded line. But when the frequency is less than the natural, 
less than one quarter of a complete sine wave occurs ard when 
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Figure 11 



the frequency is greater, more than one quarter of a whole sine 
curve occurs. Thus in Figure 8, the voltage curve is 72.2 per 
cent, of a quarter of a sine curve when calculated from the fre- 
quency ratio, 32.6 to 45.2. This gives 64.8° of a curve and so 
the voltage at the beginning should be equal to voltage at the 
end of line multiplied by sin (90° -64.8°) =0.426. But the end 
voltage = 172 volts. Hence beginning voltage should be 
172X0.426 =73 volts. It measures from the curve 75 volts. 

Many antennas have an irregular distribution of capacity as 
for example a T antenna which has more capacity per unit length 
at the top of the antenna than it has at the beginning. In 
Figures 12, 13, and 14 are shown the distribution of current and 
potential in such an antenna. The total capacity and inductance 
of the line is the same as was used for the previous uniform line 
but it is seen that the natural frequency is now only 40.1 cycles 
as compared to 45.2 cycles for the uniform line. 
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A given series condenser raised the natural frequency of 
the uniform line by 30 per cent. The same series condenser in 
the assymetrical line raised the frequency by 32 per cent. A 



Figure 12 



given loading inductance lowered the frequency of the uniform 
line to 72.3 per cent, of the natural frequency. The same 
inductance lowered the frequency of the assymetrical line to 
77.2 per cent, of natural frequency. So that the series con- 
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denser has more effect and the series inductance has less effect 
in the non-uniform Une than in the uniform line. 

Now as the capacity of an antenna and inductance of an 
antenna are continually being measured and the values so 
obtained used in calculations it is worth while to investigate what 
these quantities really are. 

Three uniform conductors were first tested for quarter wave 
length frequency. The inductance and resistance per section in 
each case were 0.0415 henry and 0.702 ohm. In one case the 
capacity was 36.6, in the second 9.15, and in the third it was 
1.83 microfarads per section. 



Figure 14 

In the following table are shown the total inductances and 
capacities for each line, the frequencies calculated from these 
quantities, the frequency which actually gave quarter wave length 
vibration and the ratio of these two frequencies. 



Total L 



Line 1 0.374 
Line 2 0.374 
Line 3 0.374 



Total C 

329. 
82.3 
16.45 



1 

27: ^LC 


i 14.3 


' 28.7 


i 64.2 



Measured 
Frequency 

22.5 

45.2 

100.5 



Meas^ Freq. 
CairFreq. 

63 .6 per cent 
63.5 per cent 
63.8 per cent 



Now as in each case above the lines have no added series 
inductance or capacity the line was quarter wave length long 
and the voltage and current curves were sine waves very nearly. 
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But the average value of a sine wave from 0° to 90° is 63.6 
per cent, of the maximum ; it appears therefore, that the natural 
quarter wave length period of such a uniform line is a function 
of the form of current and potential curve of the line. As the 
electrostatic energy is a function of the potential curve and the 
electromagnetic energy is a function of the current curve and 
both curves have the same shape, it is logical to say that the 
effective self induction of such a line is equal to 63.6 per cent, of 
the total self induction and the effective capacity of such a line 
is 63.6 per cent, of the total capacity of the line. 

Now even when inductance or capacity is added in series 
with such a line the current and potential curves are both sine 
curves when the frequency of impressed e. m. f. is such as to 
give quarter wave length vibration; it seems, therefore, that the 
effective capacity and self induction of such a line can be pre- 
dicted for any amount of loading. 

With this idea in mind a series of results was obtained to 
show how line number 3 acted as the series inductance loading 
was continually increased. For each frequency the average value 
of the curve of potential and current was calculated, calling the 
maximum value of either curve equal to unity. 

Thus the quarter wave length frequency of this line unloaded 

was 100.5 cycles; curves of this line are shown in Figure 15. 

With a series loading of 0.413 henries the frequency dropped to 

52.4 cycles. At this frequency the line has not an electrical 

52 4 
length of 90°, but of "7^^ X90° =47.°. Hence the current 

distribution curve will be a sine wave from 47° to 0°, and the 
potential curve will be a sine curve from 43° to 90°. The average 
value of the sine curve from 47° to 0° is 0.531 of the value of 
the sine of 47°. The average value of the sine curve from 43° 
to 90° is 0.894 of the sine of 90°. 

As the total L of the line was 0.374 henries, its effective L 
(if previous reasoning is correct) will be 0.374X0.531=0.199 
henries. The effective value of capacity will be 16.45X0.894 = 
14.73 /xf. As the added inductance is 0.413 henries we would 
expect the line to oscillate like a circuit having (0.413+0.199) = 
0.612 henries and 14.73 /xf. 

The natural frequency of such a system 

1000 \^. , 

= , =53.1 cvcles, 

2;:\/0.612Xl4.73 
actual measured value of resonant frequency was 52.4 
The other values are tabulated herewith. It will be 
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noticed that the agreement between predicted and measured 
frequencies is all that could be expected from the precision with 
which the test was carried out. 
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Figure 15 



Added L 


Capacity 


Inductance 


Cal- 
culated 


Measured 

/ 

100.5 


Av. 

Sine 

0.636 


Effect. 
Cap. 

10.52 


Av. 
Sine 


Effect. 
L 


0.000 


0.636 


0.238 


100.5 


0.073 


0.736 


12.12 


0.586 


0.220 


84.7 


83.8 


0.142 


0.791 


13.05 


0.563 


0.211 


74.2 


73.6 


0.207 


0.828 


13.65 


0.552 


0.207 


67.0 


66.8 


0.292 


0.855 


14.08 


0.540 


0.203 


60.5 


60.2 


0.348 


0.878 


14.48 


0.534 


0.200 


56.6 


55.6 


0.413 


0.894 


14.73 


0.530 


0.198 


53.1 


52.4 


0.617 


0.920 


15.15 


0,521 


0.195 


45.4 


45.1 


0.823 


0.936 


15.40 


0.516 


0.193 


40.3 


39.6 


1.245 


0.952 


15.70 


0.513 


0.192 


33.6 


33.8 



The true value of line capacity is 16.45 microfarads. 

The true value of line inductance 0.374 henry. 

The above results were plotted in the forms of curves and 
given in Figure 16. They seem important as they have an im- 
mediate application to radio calculations. In the form given 
above they apply directly only to a uniform antenna such as 
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some of the Marconi stations use, but with suitable modifications 
can probably be suited to fit other fairly simple forms of an- 
tennas. 

It will be seen at once that the common measurement to 
get antenna capacity is more or less meaningless because the 
capacity of the antenna is a function of the frequency with which 
it is vibrating. The ordinary method of getting antenna capacity 



Figure 16 



is to measure the oscillation constant when a large loading coil 
of known value has been inserted in the base of the antenna. 
From the IXl thus measured, and known L, the C is calculated. 
Then the LC of the unloaded antenna is measured and from the 
C just obtained the antenna L is obtained. 

Trying this method on the line used in above test would 
give C =16.40 /if (nearly). The LC of the line unloaded gives 
LC =2.56. 

From thisL =0.156 henries. But the actual efifectiveL when 
line is unloaded is 0.238 henries, and under no conditions does it 
become lower than about 0.190 henries. 

Summing up the above results shows that as the series 
loading of an antenna is increased the effective capacity of the 
antenna varies from 63.6 per cent, of its true capacity up to 
100 per cent, true capacity while the inductance decreases from 
63.6 per cent, of its true value to 50 per cent, of its true value. 
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However, this analysis, which assumes change in both capa- 
city and inductance with frequency, yields no more accurate 
a solution of the problem than the present method of treating 
both L and C constant. Thus, if we assume C = 16.40 A*f and 
L =0.156 henry, and calculate the natural periods of the loaded 
line with these values, the frequency will come out just the 
same as it does with the method outlined. Thus if the loading 
is 0.5 henry, L =* 0.656 and C = 16.40. The natural frequency cal- 
culated from these values is 48.7 cycles, which agrees with the 
experimental result. 

Resistance 

As the current distribution in the conductor changes from 
a sine curve to a straight line with increase in loading (assuming 
quarter wave length mode of oscillation) the heat generated in 
the conductor by the P R loss must, of course, vary also. Hence 
the conductor resistance, which is obtained by dividing the total 
/* R loss by the square of the value of current at the beginning 
of the line must vary with increased loading in some manner 
similar to that in which the capacity and inductance vary. 

Let R =the actual conductor resistance, i. e., resistance per 
unit length X length, 
/ = current at beginning of line, 
r = effective resistance of conductor. 

Then for no loading it is seen that the eflfective value of the 
current is equal to the root mean square of a sine wave from 
90** to 0**. This root mean square value is 0.707X7, as proved 
in elementary alternating current theory. 

Hence the actual heat loss is given by 

Loss = (7X0.707)* iB = 0.5/2 R 

But this gives for eflfective resistance of antenna 
/2r = 0.5/*ftor 
r = 0.5ft 

So the eflfective resistance of such a uniform conductor is 
only one half the actual resistance. 

Now as the loading is increased the current distribution tends 
to become a straight line. But the eflfective value (root mean 

square) of such a straiglit line is ~~:-^ X maximum value. Hence 

for straight line current curve (very heavy loading) 

""(^3)"«" 
R 



'•=3 
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Hence we should expect the eflfective resistance of the line 
to vary from 50 per cent, of its actual resistance to 33 per cent, 
of its actual value as loading was increased. 

Readings were taken to see whether such a change actually 
did occur in the line used in previous tests. After adjusting the 
line for quarter wave length oscillation with various values of 
loading the power input was read by wattmeter. Then another 
reading of wattmeter was taken with current the same but the 
potential coil of the wattmeter was connected to read the power 
used in meters, connections, loading coils, etc. The difference 
of these two readings gave the power lost in heating the line. 

This loss divided by the square of the current supplied to the 
line gave the eflfective resistance of the line. The total actual 
resistance of the line was 6.60 ohms; the eflfective resistance 
with no added inductance should be 3.30 ohms. Actually it came 
out 3.56 ohms. Other values of resistance for diflferent values 
of loading were obtained but the results were erratic and ap- 
parently unreliable. It involved the determination of a small 
diflference between two comparatively large quantities and 
moreover the condenser losses (which were neglected) apparently 
aflfected the results considerably. 

Of course the results I have obtained experimentally could 
have been at once predicted from the laws of wave propagation. 

Thus using same symbols as before 



a = V (r+j(oL){g+j lo C) =a+jp where 

P is the so called wave length constant of the line. 

If r and g are small compared to <oL and (oC (this condition was 

fulfilled in my experiments) then we may write approximately 

or if we are considering a certain length of the line / 
Pl^iol Vie = (o V\l L) \l C) = CO y/V C, 

where L' and C are the actual total self induction and capacity 
of the Une. 

Now I, the wave length developed on a line, is given by 

and if we choose such a length of line that quarter wave length 
is developed we have 
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'"'^" fil = ,oVL'C'^'^,OT,as,o = 2-f, 

/= ' . 
4V'L'C' 

8o that „_ 1 

•' ~16L'C'' 

As the ordinary equation for resonance (Knnped inductaiu-e and 

capacity) is 

1 






we evidently must put 



L = Il' and C = lc' 

if the two frequencies are to be the same:^that is, in so far 
as determining quarter wave length resonance frequency is con- 
cerned, the total inductance L' acts as tho it had only 63.6 
per cent, of its actual value, and similarly for the capacity. 

SUMMARY: Working at frequencies from 12 to 152 cycles per second, an 
artificial antenna made up of numerous sections each having lumped capacity 
and inductance (and closely simulating an actual antenna), is carefully 
studied. The effective capacity, inductance, and resistance are measured 
and found to agree with theory; and the theoretical effects of capacity and 
inductance loading are similarly experimentally verified. 
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DISCUSSION 

Dr. A. E. Kennelly (communicated): Professor Morecroft's 
paper is particularly interesting, as furnishing a new cross-connec- 
tion between the radio laboratory and the power-transmission 
laboratory; or between oscillatory phenomena, at perhaps 
1,000,000^/^, and steady-state phenomena at perhaps lOOv-o. 
It shows an ingenious means of deducing what happens in the 
oscillations of an antenna during a cycle of say a few micro- 
seconds, from observations of what happens, in the steady state 
of standing waves, on a low-frequency artificial line. We have 
had artificial electric antennas, consisting of a fixed condenser 
associated with a reactor; but here we have an artificial antenna 
consisting of a suitably modified artificial power-transmission 
line. This opens up the prospect of developing a low-frequency 
multi-section antenna, in which the inductance and capacitance 
are arranged to correspond, point for point, with that of an 
imitated actual antenna; so that a study of the electric behavior 
of the model may reveal the behavior of the high-frequency 
tower system. The prospect of experimental investigation thus 
opened up is very fascinating. 

There is one difficulty in the design of an artificial multi- 
sectional antenna, and that is the insertion of radiation re- 
sistance. An actual antenna develops a virtual resistance of 
radiation R' in addition to its conductor resistance R; so that 
PR' becomes the radiated power dissipated externally^ in 
addition to the PR of power dissipated within the conductor 
as heat. It would be very desirable to insert the correct amount 
and distribution of R' in the artificial antenna, as deduced from 
the observed behavior with L, C, and R, 
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DISTRIBUTED INDUCTANCE OF VERTICAL 
OROUNDED ANTENNAS* 

By 

A. Press 

(ashiktant profesfior of electrical engineering, university of 

Oklahoma) 

Formulas have been suggested for estimating the self induc- 
tion of vertical antennas. Such formulas have moreover been 
employed in estimating the effect of inductance and capacity 
on the distribution of stationary waves on wires. The whole 
theory rests on the tacit assumption that the inductance and 
capacity are uniformly distributed along the wires in question, 
which in fact is not the case. In the subjoined paper the in- 
ductance distribution of an earthed antenna will be considered 
and based on the fact that the ether displacement currents, or 
electrostatic stresses in the medium will be properly indicated 
by taking two imaged antennas oppositely disposed with respect 
to an infinitely conducting lamina providing a return for both 
earth currents. 

It will be necessary to postulate such a system of voltages 
set up at the base of the antenna that a uniform current 
distribution is set up in the antenna, flowing in opposite direc- 
tions with respect to the infinitely conducting lamina or image 
plane representing the earth's surface. In this way the displace- 
ment currents will take paths substantially the same as those 
usually a.ssumed for a Hertzian oscillator except that the flux 
lines of displacement on the lower half are imaged with respect 
to the upper half. That this is nearer approximation to actual 
conditions .should follow from the fact, first, that the image field 
restricts the actual field to its own domain, and, secondly, that 
in this way there is not the usual difficulty in calculating in- 
ductances of finite open circuited wires where the so-called 
return wire is assumed to be infinitely removed from the actual 
vertical antenna under consideration. 

* Received by the Editor April 10, 1917. 
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The antenna will therefore be assumed to have impressed 
upon it an alternating current uniformly distributed thruout 
the length of the antenna. The magnetic intensity H will be 




777T^ T77^, 



/ 



y 



\ 
\ 
I 



Figure 1 



Figure 2 



considered first for a point P distant r from the antenna axis 
for a height ^» = i+x from the image end S of the aerial. 
The intensity due to the current element irfx at i? is 

„ _ i 1 sinPRM __ irdx 

'''"10 '^(A/P)2+(.V//er"lOJ(x-/)2 + r^f^ 
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Thus the intensity Hj, at P due to the entire antenna system, 
which latter includes the image antenna, is 

„ ^ T'""' irdx r'=' -irdx 

To integrate the above let 

x — l = riand and then 

' 10r[V(2i-/)2+r2'^V(-/)^-hr2 a/</-/)^+ r^J* 

To find the total number of external flux linkages per centi- 
meter at the distance x above the plane of the earth's surface, 
it will be necessary to find 



x: 



H,dr = <t>, 



where a is the radius of the antenna wire. Performing the 
necessary integrations 

"^^ 10 {(/-/)^ + V(/-/)2+an^ 

Removing the origin of coordinates by referring the points along 
the antenna to distances x removed from the earth's surface 
we have / = i+x, and therefore 






The inductance in henrys being defined as the flux per ampere 
divided by 10^, we have 

L. = 2(10)-««o,,[^^+^] 

or practically 

L^ = 2{l0)-'loge (^)- 

where d is the diameter of the antenna wire. It is easily seen 
that the inductance at the earthed end of the antenna is zero 
whereas at the top of the antenna it is the greatest. 

SUMMARY: Assuming a uniform current distribution along the antenna, 
the variation of distributed inductance along the antenna is studied. 
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Appendix 

The following may be of value in considering the validity 
of the foregoing development: 

In considering the self induction coefficient of a long trans- 
mission line in which the overhead conductor is run parallel to 
the earth's surface, the self induction coefficient L is considered 
constant. This amounts to regarding the end effect of the line 
at the source of e. m. f. as negligible. 

In the above consideration the distributed leakage con- 
ductance from the line to earth is taken to have no influence 
on the self induction coefficient as such, tho necessarily the 
current density in the circuit must always be far from uniform 
from the source outward. Evidently the self induction eo« 
efficient is calculated on the basis that the leakage conduction 
currents from the source outward along the line as well a« the 
variable condensance current is assumed to have no influence 
on the self induction coefficient which is calculated on the basis 
that a uniform or unit ampere of current is flowing along the line. 

Whereas the self induction coefficient, therefore, is assumed 
as independent of leakance or condensance, the inductance drop 
is dependent on the current density from point to point of 
the Une. 
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MUNICIPAL REGULATIONS COVERING RADIO 
STATIONS* 

(A Discussion on '^Engineering Precautions in Radio 
Installations '' by Robert H. Marriott) 

By 

Lieutenant Kllery W. Stone, U.S.N. R.F. 

(District Communication Superintendent, San Diego, California) 

Mr. Marriott's paper very aptly covers a subject which has 
been of interest to the writer for the past eight years. While the 
various phenomena encountered in low voltage circuits caused 
by the operation of radio transmitters in their vicinity are often 
capable of explanation, it seems somewhat difficult to predict 
what will happen in a given case, so that Mr. Marriott's plan of 
stating the results of individual cases appears to be the best 
method of approaching the problem of interaction between 
radio frequency circuits and audio frequency or direct current 
circuits. 

In connection with Mr. Marriott's suggestion that the 
** Underwriters' Code'^ be enlarged so as to include within its 
scope the installation of radio apparatus, the following may be 
of interest. During the month of December, 1910, the writer 
was asked by. the Electrical Department of the City of Oakland, 
California, to collaborate in the drawing up of an ordinance to 
regulate the installation of radio apparatus in that city. It is 
the custom of most municipalities, upon the recommendation of 
the civic electrical department, to pass an ordinance adopting 
the ''National Underwriters' Code" as the criterion in the 
regulation of electrical installations, with such additional pro- 
visions as may be considered expedient. In Oakland, for instance, 
it is required that an electrical installation be made by a regis- 
tered electrician who is required to deposit a cash bond with the 
city, and the customary provisions are made for *' rough-in" 

* Present^^tl before the San Francisco Section of The Institute of Radio 
Engineers, February 20, 1917. Received by the Editor, March 2. 1917. Mr. 
Marriott's paper appeared in the ''Proceedinos of The Institute op 
Radio Enoineeks,' vohime n, number 1 (February, 1917), paj^e 9. 
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and ^*finar* inspections by city electrical inspectors who hold 
their positions by local civil service. 

After several conferences, the following provisions were de- 
cided upon and incorporated in legal form in the proposed 
ordinance, which, by the time this paper appears in print, will 
probably be passed. 

1. No radio apparatus, whether for receiving or transmitting 
purposes, connected to an elevated antenna, may be installed 
within the City of Oakland without a permit from the City 
Electrical Department. 

2. All radio apparatus must be installed subject to the 
provisions of the **National Underwriters^ Code*' in force and 
subject to the following additional provisions: 

a. No antenna wires shall be strung over electrical 
wires whose potential to ground exceeds 250 volts. 

b. Every radio station shall be equipped with a lightning 
switch which shall serve to ground the antenna at all times when 
the station is not in use and during electrical storms. 

c. The wire from the antenna to the lightning switch, 
commonly known as the lead-in, shall be of such size that its 
cross-sectional area in circular mils shall not be less than the 
cross-sectional area of the wire used in the antenna times the 
number of antenna wires. The current carrying capacity of the 
lightning switch shall not be less than the accepted current 
carrying capacity of the *4ead-in." The cross-sectional area of 
the wire from the lightning switch to the earth connection shall 
not be less than that of the *'lead-in." 

d. The '*lead-in** must be brought thru an approved 
non-inflammable, non-combustible insulator. 

e. The earth connection shall conform to that specified 
in the "Underwriters' Code." 

f. Approved surge protectors, i. e., mica condensers with 
capacitances not less than 0.5 microfarad, lamps or carbon rods, 
shall be connected between earth and all electrical wires whose 
potential to earth exceeds 50 volts. 

g. In installations where it is impossible to eliminate 
surges or antenna induction, the service to the radio station shall 
be run from a power transformer, the secondary of which is 
connected to no other lighting or power circuit. 

3. The radio installation shall not be supplied with power 
^•^^ operation until same has been approved by the City Elec- 

Department. 
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4. All high voltage circuits shall be so insulated as to reduce 
the fire hazard to a minimum. 

The reason for the adoption of some of these provisions is 
obvious, the others will be discussed. 

Number 1 was intended to bring all radio experimenters under 
the jurisdiction of the Electrical Department in order that their 
activities might be watched. It was considered that the fire 
hazard from an improperly erected antenna, due to its proximity 
to high voltage wires or danger from lightning was sufficient 
justification for requiring a receiving station to be brought within 
the scope of the ordinance. 

While natural electrical phenoniena of any violence on the 
Pacific coast were extremely uncommon a few years ago, several 
electrical storms have occurred within recent months and the 
frequency of their occurrence seems to be increasing. This fact 
is responsible for the adoption of 2 (b). It is doubtful whether 
the use of a lightning switch, no matter how installed, will com- 
pletely safeguard a wooden building in the event that an antenna 
connected thereto be struck by lightning. However, an un- 
grounded antenna may often be charged to enormous potentials 
owing to a heavily charged ^'thunder" cloud or to a lightning 
discharge occurring in the vicinity, and such charges may be 
readily dissipated to earth by proper precaution. The writer 
has witnessed examples of the former phenomenon at his experi- 
mental station. 

2 (c) was intended to obviate the absurdity of grounding an 
antenna having a number 18 '*lead-in'' by a number 4 ground 
wire and a lOO-ampere lightning switch as the 1915 ''Under- 
writers* Code" at present requires.* 

The adoption of such an ordinance to regulate radio installa- 
tions was considered imperative by the Oakland Electrical 
Department because of the fact that irresponsible experimenters 
have for many years been raising havoc with lighting circuits, 
because of surges and antenna induction burning out lamps 
and appliances connected to such circuits, as set forth in Mr. 
Marriott\s paper. The fire hazard from such practice was actually 
considered to be greater than that from any other type of elec- 
trical installation. That such a state of affairs is reaching a 
vexing magnitude is shown by the fact that the California Rail- 
road Commission (a state committee for the regulation of public 
utilities), acting on the petitions of various power companies, 



• Diameter of number 18 wire = 0.040 inch = 0. 102 cm. 
Diameter of number 4 wire = 0.204 inch = 0.520 cm. 

419 



Digitized by 



Google 



has recently ruled to the effect that power companies, at their 
option, may refuse to supply consumers with electricity in the 
event that radio transmitters are connected to their circuits 

The writer has witnessed cases where high potentials have 
been completely eliminated on the power lines at the radio 
station by the usual methods, only to lead to breaking down 
insulation on the same lines several hundred feet away. It 
would appear that the surge takes the form of a stationary 
electric wave, that by grounding the line thru protective devices 
at the radio apparatus, we secure a node of potential, the loop 
occurring at some point removed from the station. 

The subject of stationary electric waves on wires is an 
interesting one and has been investigated by many physicists. 
Fleming has developed a set of equations showing that if a 
simple harmonic E.M.F. is applied at one end of a wire of finite 
length, the potential at any point on this wire may be obtained 
by taking the algebraic sum of two potentials, one due to the 
source at the origin, the other due to an electrical image of 
this source. The distance from the open end of the wire to the 
position of the image is equal to the length of the wire. That 
is to say, there is a wave traveling on the wire from the end at 
which the periodic E.M.F. is applied, and a wave reflected from 
the open end of the wire. When the length of the wire bears 
the proper relation to the frequency of the applied E.M.F., the 
interference between these two waves causes a resultant series 
of stationary nodes and loops of potential to be set up, cor- 
responding to the stationary air waves in stopped organ pipes. 

If the length of the wire is one fourth of the wave length of 
the applied E.M.F., the combination of the initial and reflected 
waves is such as to cause a steady increase of potential following 
the ordinates of a sine curve, from the origin to the open end of 
the wire. It may be shown that if the length of the wire is any 
multiple of a quarter wave length, loops of potential will occur 
at each quarter wave length along the wire. 

A more complete theoretical investigation of this subject has 
been made by Professor H. M. Macdonald, who finds that the 
length of the fundamental wave on a wire is more nearly five 
times the length of the wire. However, for the purpose of 
this paper, it will be considered sufficiently accurate to note that 
if any of the various low voltage circuits in the vicinity of the 
radio station have lengths approximating one-fourth of ^he 
transmitting wave length, or multiples thereof, stationary elec- 
tric waves with potentials of some magnitude will be generated 
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therein. With modern power distribution in cities and customary 
house wiring, this is a condition not difficult of fulfihnent, so 
that while the induced current set up by a radio transmitter 
may have a node of potential at the station, where every care 
has been taken to secure such a node by proper surge protection, 
the loop of potential may occur at some point removed from 
the radio installation where no provision has been made to 
protect the line and the appliances connected thereto. Hence, 
it is advisable in cities, where the secondary distributing leads 
of the power systems are often several blocks in length, and 
from which many consumers are supplied, to place each radio 
installation on a separate power transformer. The secondary 
lead may then be a hundred feet or less in length and there will 
not only be less opportunity for excessive potentials to be built 
up, but there will be no place where such potentials can cause 
damage. 

There are three ways by which stationary waves may be 
set up on wires, i. e., by direct, inductive, or static fcapacitive) 
coupling. 

Applied to the subject under consideration, direct discharge 
from the transmitting apparatus is illustrative of the first method 
of coupling. If the transformer of the radio transmitter be 
poorly constructed so as to permit actual leakage, high potentials 
of audio frequency may find their way back on to the line, and 
if resonance effects in the windings are present, radio frequency 
potentials may also be present on the line. Such cases as this, 
however, are rare. 

Inductive coupling between radio frequency circuits and low 
potential circuits is probably the chief cause for most of the 
surges present on the latter circuits. The primary requisite for 
this type of coupling is that the circuits, or portions of them, 
be parallel. 

Static coupling is brought about by having the two circuits 
under discussion in close proximity to each other but not nec(vs- 
sarily parallel. The writer had occasion to witness a case wliere 
potentials were set up in a lighting circuit by an antenna lead 
run exactly at right angles to the lighting circuit a few inches 
away, clearly a case of static coupling. 

It would appear that most of the induction of high potentials 
takes place by virtue of the inductive or static coupling of the 
antenna circuit with other circuits in its proximity. The writer 
has never seen a case where induced currents were set up in low 
potential circuits with the antenna circuit disconnected. 
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Besides the induction of high potentials of radio frequency on 
low voltage circuits, currents of audio frequency equal to the 
train frequency of the antenna may be set up as well. The 
method of their generation is obscure, it may be due to some form 
of excitation by which an impulse or surge occurs for each train 
in the antenna circuit, but whatever their source, their presence 
may be easily detected with a telephone receiver, even without 
the use of a loose contact or rectifying detector. It is the 
presence of these audio frequency currents in telephone lines 
which is responsible for the annoyance 'Caused subscribers by 
radio transmitters in their vicinity, and since their frequency is 
of the same order as voice frequency, which is assumed to be 
796 in telephone practice, they cannot be drained from the line 
by condensers having a high, low frequency impedance as in the 
case of radio frequency currents. 

Some years ago, the writer witnessed a curious case of induced 
surges on a power line. An experimenter had a special power 
service supplied for his station, being the only consumer on a 
three kilowatt power transformer, which was wound in the usual 
10:1 step-down ratio. Full protection was made for the elimina- 
tion of induced surges by the usual methods, nevertheless, when 
the station was in operation, brush and corona discharge appeared 
on the primary leads of the power company^s transformer which 
finally resulted in setting fire to a tree thru which the primary 
leads were strung. The theory of resonance eflfocts in an audio 
frequency transformer, due to the distributed capacitance of 
multiple layer winding, is probably the correct explanation of 
the phenomenon, altho it is barely possible that audio frequency 
potentials or surges, having the same frequency as that of the 
wave trains in the antenna, were induced in the secondary leads 
of the power distribution system by the antenna which ran 
parallel to them, and were stepped up in the power transformer. 
That the potential was stepped up in the transformer by some 
method was demonstrated by the fact that no corona existed on 
the secondary leads from the transformer. 

In addition, the writer has observed a case of high potential 
generation in a lighting circuit such that when the radio trans- 
mitter was being operated, lights connected to this circuit 
would flash up to an alarming brilliancy. Grounded condensers, 
whose radio frequency impedance was very low, but with high 
audio frequency impedance, connected to the line in the usual 
fashion did not serve to ameliorate conditions, whereas a few tung- 
sten lamps connected to earth eliminated the trouble entirely. 
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This would appear to be another proof of the presence of audio 
frequency impulses or surges. 

In this connection, the writer wishes to endorse the use of 
the metallic filament lamp bank as a surge protector. Its 
impedance being independent of frequency, if enough lamps are 
used, it will serve equally well in handling audio or radio fre- 
quency surges and is indestructible. As Mr. Marriott points 
out in his paper, mica or paper condensers are liable to puncture 
and, when protected by fuses, as they should be, are removed 
from the circuit without any warning. A small bank of lamps 
for this purpose may be controlled thru a proper switch or the 
transmitting key so as not to consume current except when 
the transmitter is being operated. 

In* cities where telephone lines arc run underground or in 
aerial lead cable suspension, inductive interference from radio 
stations is not particularly annoying. Cases arise frequently" 
where trouble is caused by an experimenter grounding his trans- 
mitter on the same ground as that used by the telephone, but the 
remedy for this is obvious. In the event that sparking occurs 
in the carbon block lightning arrester which will result in fusing 
the arrester, grounding the line and rendering it inoperative, 
the telephone company upon request can furnish copper blocks 
such as are used on toll lines to replace the carbons. However, 
in localities where the telephone wires are not run in a grounded 
sheath, very severe interference may take place. 

The writer was called upon recently by the Pacific Tele- 
phone and Telegraph Company to assist in the elimination of 
a troublesome case of radio interference caused by a three kilo- 
watt station located on the outskirts of a small town, in which 
locality none of the telephone wires were run in grounded 
cable. 

Figure 1 is a diagram of the situation. Extremely loud signals 
of the same frequency as the train frequency or spark frequency 
of the radio station were received at the exchange board some 
four miles (6 km.) from the station when the transmitter was 
operated. A series of experiments were accordingly conducted 
to see if the interference could be reduced. 

Telephone line number 1 served the radio station. Tele- 
phone line 2 served a subscriber living two miles past the radio 
station. Line 3 connected with a small town four miles 
(6.5 km.) awa}^ in a direction at right angles to line 2. 

The loudest interference at the exchange was experienced on 
these three lines altho signals could be heard on other lines as 
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well, due to the fact that all lines into the exchange were brought 
thru a common cable. 

In the belief that the interference was caused by induction 
from the antenna to that part of line 1 marked AB, the line was 
opened at .4. No effect was noticed. 




Fku're 1 — Chart i^howing Antenna, Power, and Telephone Lines with 
Induced Interference 



Line 1 was next opened at C. This reduced strength of 
signals on Line 1 at the exchange, all other lines remained the 
same. 

Line 2 was cut at C. Interference was reduced on this line, 
all other lines remained the same. 

Lines 1 and 2 were cut at D. Interference was eliminated 
on these lines, interference remained the same on Line 3. Line 3 
was cut at D, all interference being eliminated. 

This had but served to locate the source of trouble: the 
elimination of the interference with lines 1, 2, and 3 restored to 
service was another problem. 

In telephone practice, it is customary to isolate a '^noisy" 
line, that is to say, a line experiencing moderate interference 
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from power lines or a line with a partial ground, by a repeating 
coil, as shown in Figure 2. A repeating coil, as it is termed in 
telephone parlance, is a 1:1 transformer, designed to operate 
on 796 cycles with a D. C. resistance of 22 ohms in each of its 
windings. 

These were interposed in lines 1 , 2, and 3 at /> and reduced 
the interference considerably but not entirely. 

It is significant that the interference was not eliminated until 
all lines were opened at D, which was the last point at which the 
telephone lines ran parallel with the power line. 



REPEATING COIL -dSA 

Figure 2 — Use of Repeating Coil to Isolate **XoLsy'* 
Telephone Line 



This power line was 4,000 volt, 3 phase, 60 cycle service 
supplying the ranch on which the radio station was located. 
Power for the station was obtained from a 20:1 step-down 
transformer, one leg of the primary of which was connected to 
earth, the other to one wire of the 3 wire, 3 phase system. 

It is obvious that Hne 3 could receive no induction from the 
radio antenna directly, nor could lines 1 and 2 when cut at C. 
With line 2 at right angles to the antenna and 80 feet (25 m.) 
from it at its nearest point, it does not appear that it could 
receive much interference from the antenna at any time. 

With lines 1 and 2 open at C, the only source from which 
1, 2, and 3 could receive induction was the power line, which 
parallels all lines for the mile (1.6 km.) from C to D. Lines 1 
and 3 were but 6 feet (2 m.) from the power line over this 
distance. 

Surges in the power line were probabh' induced by the 
antenna between the points A and B and in turn induced in the 
telephone lines along their entire length. These surges may 
have been of radio or audio frequencj% but whatever their fre- 
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quency, the frequency of the current in the telephone lines 
was of audio frequency. 

For a complete elimination of the interference, such as was 
obtained by opening all lines at D, it was recommended that the 
telephone wires in lines 1, 2, and 3 be run in a grounded lead 
sheath or lumped together and surrounded with a frequently 
grounded **messenger.'' 

In connection with the induction of audio frequency currents 
in circuits near radio transmitters, it has been the writer's 
experience that these audio currents are of moderate potential, 
are only set up within a wire when in extremely close proximity 
to the exciting circuit, and have the same frequency as the 
train frequency in that circuit. 

Besides the annoyance caused by radio circuits on power 
circuits the latter may similarly react on the former. Most 
experimenters have observed the inductive interference caused 
in their receiving circuits due to alternating current lines in 
their vicinity. This may be even of such magnitude as to 
render the reading of weak signals impossible as the writer found 
it to be in his station. The situation here was as follows. Power 
for the transmitter was furnished by a 2 wire, 220 volt, 60 cycle 
service, run in conduit from a special power transformer to the 
transmitting room, adjoining the receiving room. The lighting 
service in the building was of the usual 3 wire, 110 volt, 60 cycle, 
grounded neutral system. By a series of tests, it was found 
that the interference was caused by the 220 volt circuit, one leg 
of which was dead-ended in the transmitting apparatus, the 
other being open thru the transmitting key and controlling 
switch. By connecting the dead-ended leg to earth, eliminating 
the possibility of a static charge accumulating on the network 
of apparatus and connecting wires, the inductive hum was 
entirely eliminated. 

In concluding, the writer wishes to acknowledge his indebted- 
ness to Mr. H. U. Linkins, Division Toll Inspector of the Pacific 
Telephone and Telegraph Company, for his helpful assistance 
in the preparation of this discussion. 

SUMMARY: The chief features of a proposed municipal code (for the city 
of Oakland, California), covering all radio stations, are given, together with 
the basis of each regulation. 

The induction of radio and audio frequency surges in power and tele- 
phone lines is then considered; and a particularly complex case of both sorts 
is described in detail. The methods of investigation and elimination of 
trouble are discussed. 

Finally, some methods for the elimination of the hum induced in radio 
receivers from power lines are described. 
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THE MANUFACTURE OF VACUUM DETECTORS* 

By 

0. b. moorhead 

(Chief Engineer, Moorhead Laboratories, San Francisco, 
Caufornia) 

Altho the majority of radio engineers are familiar with the 
use and operation of vacuum tube detectors, a brief description 
of their manufacture may be interesting. 

In the early experimental work on this type of device, we 
strove to produce a detector which would combine maximum 
operating eflSciency with inexpensive manufacture. The next 
point considered was the production of desirable conditions, i.e.; 
tubes that possessed oscillating characteristics, tubes that were 
exceptional detectors, and tubes that displayed both qualities. 
The third consideration was the production of a device easily 
handled and shipped without disturbing the adjustment of the 
elements and damaging the filaments. 

Tubes and bulbs of various shapes and sizes were tried using 
a gaseous medium ranging from one millimeter to 0.025 milli- 
meters of vacuum, many materials being employed as elements. 
Various exhausts were applied but it was soon found that the 
employment of a gaseous medium introduced considerable 
difiiculty in the matter of accurate reproduction of a desired 
result. Gases at pressures ranging from one millimeter to 
0.0013 millimeters were next experimented with. 

I found that a tube containing a platinum filament in an 
atmosphere of hydrogen, at pressures comparable with one 
millimeter, gave fair results. Tungsten filaments were then tried 
in higher vacua as well as at the so-called ^^gaseous medium" 
pressure. It was immediately noticed that conditions could l)e 
duplicated as soon as vacua above that which allowed a ^*gase- 
ous medium*' to exist, were obtained. Moreover, tungsten was 
ideal as a filament not only because of its refractory qualities and 
low volatility but also because it acts as a purifying agent by 
attacking any traces of residual gases that may remain in the 
tube and forming compounds which are then volatilized on the 
walls of the tubes. 

* Received by the Editor, February 15, 1917. 
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As the parts are small and complicated, the glass is worked 
l>efore the blowpipe, after it has been brought into the form of 
tubes by the glass works. This tubing is obtained by first 
blowing a bulb, then fusing an iron rod to a point diametrically 
opposite the blowpipe and rapidly separating the two points of 
attachment from each other. 

Various grades of glass were experimented with, and a mixture 
containing a high percentage of lead and a small quantity of 
silicic acid was found to be the easiest to work and produced a 
detector of maximum sensitiveness when used in conjunction 
with the aluminum plate and copper grid. In the selection of 
(he glass to be used, the devitrification of the glass had to be 
considered, as during exhaustion of the tubes it is necessarj' 
to subject them to a temperature near the point of softening 
and nearly all glasses, when maintained at this temperature for 
any length of time, have a tendency to separate out into the 
crystalline state. 

There has been considerable discussion regarding the elements 
in this type of device and I may say that aluminum plates and 
copper grids were first selected on account of their electro- 
chemical relation to the tungsten filament. Later, numerous 
other metals were tried under the same and other conditions of 
exhaustion and showed widely diflFerent operating character- 
istics. 

The selection of metals for the elements is very difficult, as 
a slight difTercnce in either the copper or aluminum changes the 
whole system of exhaust. For instance, copper and aluminum 
purchased from one factory will require a certain degree of ap- 
plied temperature during the evacuation, while another factor^' 
lot of the same weight and size will require an entirely different 
exhaust. 

I have eliminated this variation to some extent by subjecting 
the aluminum plates to a temperature of approximately 600 
degrees Fahrenheit (315° C), immersing them in a saturated 
solution of cyanide of potassium, and finally rinsing in alcohol. 
The copper is subjected to heat until it glows, when it combines 
with the oxygen of the air to form a black, brittle oxid which 
breaks off in scales and exposes the underlying metal which is of 
rose red color. It is then placed in a current of moist air and 
becomes covered with a layer of oxygen compounds, which 
remains very thin but closes the pores of the metal. 

The exhaustion of the tubes is the most important operation 
because of the fact that the low vacuum of the round bulb nickel 
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element audion which permits of gas conduction is not used in 
the tubular "electron relay/' wherein all gas phenomena must 
be eliminated. 

To produce the high vacuum necessary, I have found that a 
Gaede mercury pump capable of producing a vacuum of 0.00001 
millimeter, backed by a piston pump, such as the Geryck type, 
is the most satisfactory method of evacuation. 

The manifold to which the tubes to be exhausted are attached 
and the vacuum line connecting the manifold to the pumps are 
preferably made of large diameter tubing. A container filled 
with pentoxid of phosphorus is connected in the vacuum line 
between the pump and the manifold. The manifold is contained 
in an oven heated by gas and arranged so that the tubes during 
exhaustion may be heated to high temperatures. 

The lead glass tubing, used as the container for the elements 
in the tubular type detector, is obtained from the glass works in 
lengths of 6 feet (2 m.) with an inside diameter of 0.875 inch 
(2.2 cm.) and a wall of 0.032 inch (0.7 mm.) thickness. This 
tube is cut in lengths of about 6 inches (15 cm.) and one end is 
drawn down to a point. Two stems are made of glass tubing 
similar to those used in an incandescent lamp, one stem contains 
the grid and two filament leads and the other contains the plate 
connection and one filament lead. After the wire is sealed into 
these stems, they must be annealed very carefully. The anneal- 
ing consists in allowing the temperature to drop very slowly, 
since quickly cooled glass is subject to internal strains which 
arise in the following manner: In rapid cooling, a low temperature 
is soon established at the surface and the outermost layer solidifies 
while the interior tends to contract, thereby exerting a pressure 
on the outer layer which is directed inwards. This may cause 
the stem to crack. 

After the stems are annealed, the grid is wound to the proper 
diameter and the filament is clamped onto the two leads. The 
plate is mounted on the other stem and the two stems are then 
connected together by means of the filament. Final adjustment 
of the plate and grid is then made. The spacing between the 
elements is not very critical in this type of device, but it is best 
to wind the grid to a large enough diameter so that it will strike 
the plate rather than the filament when the tube is jarred. 

After adjustment on the plate and grid has been made, the 
assembly is inserted into the prepared tubes and the end seals 
made. A short length of small diameter tubing is attached 
to the seal at one end of the tube, this being for connection to 
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the pump manifold. The tube is then carefully annealed and 
is ready for exhaustion. 

A number of tubes are sealed on the manifold in the oven 
and the temperature is gradually increased to 900 degrees 
Fahrenheit (480° C.) at which point the pumps are started. 
The tubes are heated in this manner before the pumps are started 
so that the air contained in the tubes may conduct the heat to 
the central elements and drive off the occluded gases. When 
the pumps have produced a vacuum of one micron, the tempera- 
ture of the tubes is very gradually increased to 1000 degrees 
(540° C). At this point they must be watched ver>' closely 
as the melting point of this glass varies greatly and should the 
walls of the tubes become soft, the vacuum would cause collapse. 
From one micron, the vacuum slowly increases, and after al)out 
five hours of continuous pumping the tubes are sealed off at the 
manifold and allowed to cool in the oven. 

McLeod gauges are used in the measurement of vacua but 
I have found that a much more accurate vacuum comparison 
can be made using a large induction coil. For this purpose an 
electrode is sealed to the manifold or at some point in the vacuum 
line. One terminal of the coil is connected to this electrode and 
the other coil terminal is connected to the low vacuum pump. 
A calibrated spark gap is used on the coil and when the vacuum 
is high enough and the residual gases are properly pumped 
from the tube a spark will jump the gap without a glow in the 
vacuum line or tubes. The vacuum used in the tubular detector 
will permit a five inch (12.5 cm.) spark between needle points 
in air. 

Prof. Richardson has shown that when new metals are heated 
to incandescence they emit positive ions, probably because of 
the impurities or gases in the metal. I have found that this 
positive discharge must be eliminated to obtain maximum 
sensitiveness of the tubular detector, and this is accomplished 
during the manufacturing stage by burning the filament on 
alternating current for about two hours. Tubes that have not 
been treated in this manner are found to be less sensitive than 
those in which the positive ionization has been destroyed. 

SUMMARY: Experiments with three-electrode vacuum detectors are de- 
scribed. Various filament, grid and plate metals were tested. Different de- 
grees of exhaustion were used. 

The paper then describes in detail the manufacture of a tubular detector 
and the testing thereof. 
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DISCUSSION 

H. R. Sprado: Referring to your last paragraph regarding 
the emission of positive ions, I gather that this phenomena 
is rather transient. If a tube is left idle for quite a period of 
time, would it recover the positive ionization? 

O. B. Moorhead: The phenomena referred to I have noticed 
to ))e an emission from fresh wires only, and when these wires 
are heated in a vacuum the positive ionization decays rapidly 
at first and then more slowly until it finally disappears. This 
rapid disappearance can be facilitated by applying a positive 
potential to the hot metals. I do not know if it will re-appear 
when left absolutely idle but it can be revived by burning a fresh 
wire near it, the old wire being cold. This must be due to a sub- 
stance which is distilled from one metal to another. 

H. R. Sprado: In some research work that I have recently 
done with the ''gaseous medium*' type of device, I have noticed 
that this power of emitting positive ions can be restored if the 
plate or filament end of the audion is held to one terminal of a 
high tension coil and a luminous discharge be caused to fill the 
bulb. 

Do you believe that this rapid decaying of the positive 
ionic emission bears any relation to that phenomenon commonly 
called ''photo-electric fatigue*'? 

O. B. Moorhead: It probably does, as photo-electric sen- 
sitiveness is not recovered after the surface has rested. Have 
you ever tried your luminous glow experiment on a plate that 
shows photo-electric fatigue and ascertained if it regains its 
sensitiveness? 

H. R. Sprado: No, I have not. I note that you have ex- 
perimented with platinum filaments in hydrogen. Did you 
make any experiments with tungsten in the same or other gases? 

O. B. Moorhead: I have found that tungsten in hydrogen 
operates verj' poorly and that exceedingly small amounts of gas 
cause very great changes in the values of the constants. This 
applies to all the gases with which I have experimented. 

H. R. Sprado: While making the above experiments I had 
occasion to use different pressures of argon in your tube. I 
found that the saturation currents in this gas have the same 
values as in the higher vacua. I noted that^ when small quantities 
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of argon were used the attainment of saturation was greatly 
facilitated because of the action of positive ions formed by 
impact ionization, in reducing the eflFect of the mutual repulsion 
of the electrons. When argon was present in greater quantities, 
the saturation current was considerably higher. Have you any 
theory regarding this increase in current:* 

O. B. Moorhead: I presume this was due to ionization by 
collision of the electrons with the argon gas molecules. 
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ON THE PHENOMENA IN RESONANCE TRANS- 
FORMER CIRCUITS* 

By 

HiDETSUGU YaGI 

(Professor in the College of Enoinering, Tohoku Imperial 
University. Sendai, Japan) 

About three years ago, while staying in Germany, I was 
engaged in the study of the phenomena in resonance transformer 
<;ireuits. Prof. H. Barkhausen of the Technische Hochschule 
(Institute of Technology) in Dresden was so kind as to give me 
valuable suggestions and to permit me to experiment in the 
Institut fiir Schwachstrom Technik (Division of Feeble Current 
Engineering) of the above named college. 

In June, 1914, I submitted to him a manuscript with dozens 
of oscillograms verifying the results of an analytical solution, 
which was nearly ready for publication. Owing to the sudden 
outbreak of war, the publication was unfortunately suspended, 
and much of the material rendered unavailable. 

There had previously been an excellent paper by M. Blondel,* 
in which he pointed out the necessity for taking the spark dis- 
charge of the condenser into consideration. Many papers have 
since b.een published treating the same problem under the same 
conditions. Among recent publications are, as far as I know, 
those of Mr. Weinberger®, Mr. Bouchardon^ and Mr. Cutting*. 
The chief omission in these studies seems to me to be that they 
do not properly treat the superposition of the transients pro- 
duced by the successive discharges. 

Since it is not possible for me to secure the experimental 
data, I shall communicate here, as a further discussion of this 
problem, only the theoretical part of the investigation on the 
basis of my recollections. As the purpose is not to give any 
exact mathematical expressions but to make clear the complex 
phenomena by plain representations, and since cumbersome 

* Received by the Editor. January 13, 1917. 

» A. Blondel, "L'Eclairage Electrique," 18, 1907, May 25, and June 8, or 
"Journal de Physique," 7, (Serie 4), 1908, p. 89. 
U. Weinberger, "Proc. I. R. E." Dec, 1915. 

»V. Bouchardon, "Lumi^re Electrique," 33, 1916, April 29, and May 6. 
*" ' " * ril, " 



*F. Cutting, "Proc. I. R. E.," April, 1916 
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expressions seem rather likely to obscure mental images, the 
treatment is made as easy as possible and every permissible 
approximation is introduced. Nevertheless, I hope the deduc- 
tion will prove interesting in throwing more light on the method 
of solving the problem. 

The Transient Phenomenon 
Let us neglect Ri the eflFect of which can as well be studied by 
considering Ro. This obviously makes the solution much simpler. 




Figure 1 



It is well known that the secondary current 1*2 and the con- 
denser potential €2 can be expressed, for the non-sparking con- 
dition, by: 

1*2 = h sin ((o t+<l>2) (1) 

e2=--'^cos(a><+</)2) (2) 

Suppose that the spark gap is so adjusted that the condenser 
discharges at the potential E^- An instantaneous discharge of 
the condenser across the gap is equivalent to the superposition 
of a transient equivalent to that which would occur if the con- 
denser C, charged to an equal and opposite potential — £<,» 
discharged back from the secondary thru the transformer to 
the primary, assuming no source of E. M. F. in the primary. 
(Figure 2.) 

This transient can be obtained neglecting /?i, from the 
equations: 



at at 



] 



and the solution is, as well known, 

12 = A s-""^ sin (Pt+y) 
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and 
where 



'"!> 



Li Rj 

2(L,L2-M^) 



(5) 
(6) 



R, 



L, Lz 

z » 





M 



f^z 



Figure 2 



o_ /__ _'^i il^2* /.^\ 



il and 7 are integration constants. 
When< = 0, /2 = 

and €2 = Eo 



therefore 



i2=- 



CEo^-'^'sinPi 



(8) 



and the condenser potential dies away according to the equa- 
tion: 



e,= y^^AV-"'cos(i3«-ton-'|) (9) 

Neglecting « in comparison with P, we have approximately 

i2=-I^CE,e-'''sinPt (8') 

and €2 = EoS-''^cosPt (9') 

We will consider the two most important forms of regular 
sparking, which we will call: 

(I) Alternate discharge — one spark per half cycle. 

(II) Unidirectional discharge — one spark per cycle. 

(I) Alternate Discharge 

Under steady sparking condition, the condenser potential 
between two consecutive discharges will be made up of a 
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sinusoidal sustained oscillation and an infinite number of tran- 
sient oscillations, i. e., 

€2 = E.sin {(ot+<l>) - Eo^'""' (^s P t + Eo^-'^i'-^l) cos p(t+-j 

^E,sin{iot+<l>)'' ^{-iyEo^-^('^'^'^cosp(t + -~j (10) 

The first term is what was already given in (2) as 

y,cos{iot+<l>2) 

and the second term, the infinite series, is absolutely convergent 
and becomes 

2 (-1)" E„e-' ('+7) C08 P (t+ ^) =KEj'"cos{fit-d) (1 1) 



n-O 

where 




1 

,{x)-rP,{x)+r»Pt{x)- ■ ■ ■ (12) 


and 




"■ mm 

tanti= , '"_ (13) 

(0 


in which 




X = C08P — 

w 
—a- 

r = £ " 


and 




Po {^)i Pi{^)y • • • zonal harmonics. 



Thus eo=E,sin{(ot+<t>)-KEo^'"''cos{pt-d) (14) 

(II) Unidirectional Discharge 
Similarly, for the unidirectional discharge, 

n = 00 

€2 = E,sin{'ot+<t>)^^Eoe-^i'^''l')cosp(t+^) (15) 



t-O 
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or ei = EcSin{<^t+<l>)-KEoi~"cos{fit+e) (16) 

where 

1 



K = 



'1 -2 (s"*"-jco«/3^+ (£-*"-) 



= P.(x)+rP,(x)+r«P,(x)+ • • • (17) 

and tanO = ^ (18) 

in which 



2« 

cosp 



1 — £ * •* C05 /3 — ^ 



/» 2 '^ 

X = COSP 

(0 

2ir 
— a 

and P<, (x), Pi (x), • • • zonal harmonics. 

The Factor K 

Thus in both alternate and unidirectional discharges, the 
variations of €2 can be represented by the superposition of 
a sustained oscillation of the forced frequency and a 
damped occillation of the natural frequency of the circuit. 
K is an important factor which comes in whenever one treats 
of the superposition of periodic transient phenomena. For its 
calculation, the series of spherical harmonics (12) or (17) is 

convenient when r\— e "« or s "•^/ is comparatively small. 

In our present case r is not much smaller than unitv, as - is 

extremely small, and the series form of K is not convenient. 

Figure 3 and Figure 4 show the values of K and y- ^vhen r is 

assumed equal to unity. 

In Figure 4 the broken lines represent the curves of K and 

1 '^"^ 1 2/7 

— for e"*^ = > or « =1; i.e., when the damping factor 

K £ <o 

is extremely large. 

Terminal Conditions 

There are two conditions which we desire to have fulfilled 
from the practical point of view; namely: the rise of e^ before 
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a discharge should be steep, or (-r:^)^^» be large in order 

that the discharge takes place sharply at a definite phase, and 

the rise of €2 after a discharge should be slow, or ( -7— I be 

\dt/t=o 
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Figure S^AItemate Discharge 

small in order that the ionization of the gap is sufficiently re- 
duced before 62 begins to rise from zero, so that no extra spark 
may take place. 

These two conditions are theoretically inconsistent, because, 
since what is effected in the circuit by a discharge is nothing 

but the superposition of a transient of (8') or (9'), -r- will be 

equal just before and after the discharge, i. c., 

(^1^\ __-/^^2\ for alternate 

\dt/t^o \dt/^=l discharge 

and /d€2\ _/^^\ for unidirectional 

\dt/t=o \dt/^^-^ discharge. 
The equations (8') and (9') are approximate results and 
the phase angle tan~^ - was also neglected. It may seem that 

this term might cause some change of — ^ before and after the 

dt 
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discharge; however, its effect can never be very large, and it is 
almost out of the question to attempt to make the two above- 
mentioned conditions consistent simply by means of the proper 
selection of damping. On the other hand, these conditions 
can and must evidently be adjusted by the proper choice of the 

ratio -• 




/ /i 2 if 

Figure 4 — Unidirectional Discharge 



Now at 



and 



^ = 0, 62 = 



at 
and 

and at 
and 



Another terminal condition is: 

" (0 ^ ^ ~ '^ V f 01' alternate 
(^e2^Q (discharge, 
dt '^ J 



(19) 



ro ' ^ ^'^ (for unidirectional 
de2 v^^ r discharge. 
(it ^- J 



Possible Range of Steady Sparking 

So far, we have assumed the discharge potential Eo to be 
arbitrary and independent of Ec] but, in order that the as- 
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sumed steady sparking state may be possible, Eo ought to have 
a certain relation to E^. 

One of the limiting conditions is, as shown, 



&?)...^«- 



The other limiting condition is that the absolute value of et 
must never reach Eo before the assumed moment of discharge. 
In other words, the maximum values ei^fnax of Figure 8 must 
always be smaller than Eoj or, 

E 

(I) For alternate discharge, the first limit of -^ is deter- 

mined as follows: 
From (14) 

(^Jj) =(oE,cos<l>+V^i^+^KE„sin(tan''^-0\ (20) 

hence the limiting condition (-j^) =0 becomes approxi- 
mately 

wE,coii<l>-pKEo8infi = 0. (2l) 

By (19) and (14) 

(e2),-o = ^c ^in (f>-'KEoCOsd = (22) 

Eliminating <l> from (2l) and (22) 

f;-'^\'""""+C)'»'"'» 

Substituting the values of K, sin H, and cosO^ 



K._yl{l + -<cosl.)\{^y{s-'l.nl.y 



(23) 



To determine the other limit of — S put -7,^ =0, or 

Eo dt 

ioE,cos{iot+<t>) + y/d^^^KEo^~'''sinUt-d+tan-^'^={), 

solve for / which gives the time to corresponding to e^^^^ax a^d 

substituting to for t of the expression (14) and putting 

jp 
\^^,max\<Eo the required ratio -"^ can be obtained. 
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As this process of solution is difficult, several curves with 

E P 

various — have been plotted for different - and the critical 

-Do (0 

E 
values of — determined, beyond which the assumed regular 

sparking becomes impossible. 

(II) For unidirectional discharge, the first limit is similarly 
determined by 






and the other can be deduced by the process similar to that 
for the alternate discharge. 

Figure 5 gives the possible range of the regular alternate dis- 
charge and Figure 6 the same for the regular unidirectional dis- 
charge. 




Figure 5 — Alternate Discharge 



In calculating these diagrams £ '*'- and s 
assumed equal to unitv for the sake of simplicitv. 

Eo 



have been 



Unless the value of — ^ corresponding to a certain value of 
Ec 

lies within the shaded area of the figures, the presupposed sorts 
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of regular sparking are impossible. It is especially noticeable 
that there is no possible range at the absolute resonance - =1. 

How wide the possible range at resonance would actually be if 

-a- -a— « 

£ "*» or £ * •- were not equal to unity and tan^^ — of the equa- 

P 
tion (9) w^ere taken into account, is another problem which 
seems worthy of a further study. 
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Figure 6 — Unidirectional Di8<;harge 



Whatever be the theoretical conclusion as above deduced, 
p 
there is no doubt that must not be too far from the resonance 
a) 

value, because otherwise the power factor of the supply circuit 
will become very small and the net output of the system will 
be much reduced. By this consideration, there should be a 
certain optimum condition off resonance, but not very far re- 
moved therefrom. 

Unless the initial spark starts spontaneously or is effected 
by some special means, the condenser will never discharge when 

E 
Eo is adjusted above E^] that is to say, for ~ larger than unity, 

certain devices nmst be provided for starting the initial spark. 
Or else the possible range becomes restricted to that portion of 
the shaded area in Figure 5 and Figure 6 that lies below the 

E 

line ,7 = 1- Then it may be said that there is a little wider range 
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of possible operation for --<1 than for ->1. 

10 (O 



Moreover when 



P is larger than m there is a greater tendency torward partial 
discharges. Experiment also shows that the operation is usually 
much steadier when the natural frequency of the circuit P is 
smaller than the forced frequency w, 

Ec is not a constant but varies as indicated by an ordinary 
resonance curve, so that the discharge potential Eo must be 
within the shaded area of Figure 7. 






4-/ 

FlGUKE 7 



Current Curves 
So, as long as the number of discharge is not more than one 
per half cycle, the discharge occurs after the maximum crest of 
the current curve. The charge corresponding to the area B — A 
or G—F+D raises the condenser potential to Eo* As 62 must 
never reach Eo before the moment of discharge, 

B>2A 
F>2D 
and G>2{F-D) 

which can be easily checked by the actual oscillograms. 

Mr. Weinberger^ and also Mr. Bouchardon^ have assumed 
that the discharge takes place at the maximum of the potential 
wave, or at the moment of zero charging current. This is 

^Loc. cit. 
*Loc. cit. 
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actually not the case and it seems rather impossible to have a 
discharge exactly at the maximum of the voltage wave. 

In the case of partial discharges, Figure 9, (two or more dis- 
charges per half cycle), we have the relation 

which determines the time intervals between consecutive dis- 
charges. 




Alternate Discharge 



rnidirectional Discharge 



Figure 8 



It is obvious that there is a direct current component of iz 
in the case of unidirectional discharges. This D. C. component 
is likely to magnetize the iron core asymmetrically. If, conse- 
quently, the potential wave becomes asymmetrical, then the 
tendency for unidirectional discharge will possibly be augmented. 
It was noticed in experiments that the unidirectional discharge 
was the one that could persist with the utmost steadiness. 

Concluding Remarks 

The above calculations have been carried out only for two 
particular states of regular sparking and it must be remembered 
that there are an indefinite number of steady sparking states, 
ranging between rare spark operation with each discharge at 
an interval of several cycles and partial discharges of many 
sparks per half cycle, and the two cases treated in this paper 
are only the particular cases best suited for tone production. 

There are other states of sparking which very much resemble 
those treated in this paper. One of them is that in which the 
sparking occurs nearly once per cycle or once per half cycle, but 
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the period of sparking is very slightly smaller than — or — » and 

(0 (O 

there is one extra spark in several cycles. In the other case the 
period is very slightly larger than - or - and the discharge 

(O to 

will miss once per several cycles. The matter depends upon 
whether the energy supply is slightly more or less than the loss 
of energy by the regular discharge of the condenser at Eo- 




Figure 9 — Fractional Discharge 

It is not easy to distinguish these states of discharges from 
truly regular sparking, especially when the discrepancy is in- 
considerable, altho Mr. Cutting says in answer to Prof. More- 
croft's discussion that he could hear the missing of one spark 
in a regular sparking state. 

The author once observed the change of the oscillographic 
images of regular sparking at 50 cycles per second, when the 
discharge gap was kept constant (E^,) and the resonant condition 
of the circuit was varied gradually from one side to the other 
of resonance by varying the series inductance in the primary. 

It was hardly possible to observe any change in the regular 
sparking in passing thru absolute resonance. The conclusion 
that there is no range for regular sparking at resonance is based on 

IT 

the assumption of the ideal regular sparking and of £ "**»=!. 
Therefore it seems to be premature to say that absolute re- 
sonance is impracticable or that it is a point of minimum output. 
Mr. Cutting's calculation is based also on the assumption of 
the ideally regular sparking state and it is a different question 
whether the watt output would actually show a minimum when 

445 



Digitized by 



Google 



the condition la altered thru resonance with ''practically" regu- 
lar sparking. 

It is another question whether the apparently regular spark- 
ing, tho^not truly regular, produces less musical sounds in the 
receiving telephone than the ideally regular sparking on both 
sides of resonance. 

The above gives but one theoretical reason, from the point 
of view of tone production, against operation at absolute re- 
sonance, but it must not be looked upon as conclusive. 

SUMMARY: After reviewing some of the previous work in connection with 
the superposition of the recurrent transients of regular spark discharge of a 
condenser, the author develops the solutions for the cases of one and two 
sparks per cycle. The solutions are then studied in detail with particular 
reference to the possibility of operating such transformer systems at the ab- 
solute resonance point, a possibility hitherto denied. The conditions under 
which steady sparking may occur are also considered. 



446 



Digitized by 



Google 



FURTHER DISCUSSION ON "THE COUPLED CIRCUIT 

BY THE METHOD OF GENERALIZED ANGULAR 

VELOCITIES" BY V. BUSH 

By 

John R. Carson 
(American Telegraph and Telephone Company, New York) 

Professor Bush's interesting paper appearing in the October 
issue of the "Proceedings op The Institute op Radio 
Engineers " is accompanied by an appendix giving a ''Summary 
of Wagner's Proof of Heaviside's Formula." This proof contains 
several fallacies which, curiously enough, are mutually de- 
structive, so that the final formula is correct. The fallacies are, 
however, serious from a mathematical standpoint, and I there- 
fore take this opportunity to point them out. It is a curious 
coincidence that Malcolm's proof, referred to in a footnote on 
page 377, is likewise vitiated by balancing fallacies of much 
the same character. I might add that, inasmuch as I have not 
consulted Wagner's original paper, my criticisms are directed 
against the proof, as given by Professor Bush, only. 

Professor Bush states that the infinite integral 

— dn (1) 

n 

defines a function, which is zero for negative values of i and E 
for positive values of t. That this is incorrect is easily shown 
as follows: Change < to -< in (1), and we get 



•«=4^x: 



= - - . I — a? 



and finally 



/(-0 = -/-.f"-dn 

= -/«) 
This shows that the function defined by (1) has the same absolute 
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value for positive and negative values of t but suffers a reversal 

of sign at < = 0. 

As a matter of fact the function defined by (1) is equal 

E E 

to — - for<<Oand + - for / >0. This may be readily shown in 
^ z 

a number of ways; perhaps the easiest is to deduce it from the 

known value of the function 



ttJo 



sin (n t) J 
^^ — -an 



which is equal to — 1 for ( <0 and + 1 for <>0. 

Professor Bush's discussion of the contour integral by which 
he arrives at the conclusion that the function defined by (1) is 
for /<0 and E for <>0, is defective in that it ignores the fact 
that the pole (0) cuts the path of integration. When this happens 
no general rule can be laid down as regards the evaluation of 
the residue since the pole is sjrnmietrical with respect to the 
two contours of integration. It may be shown, however, that for 
the function under consideration, }/^ the residue is to be included 
in each contour so that f{t) = 3^ £ for i >0 

f{t) = ''HEfoTt<0. 

This same failure to evaluate properly the residue cor- 
responding to the pole (0) accounts for the final formula (11) 
which is correct when the applied voltage is for <<0 and E 
for t>0, but is incorrect when/(0 is defined by (1). The correct 
formula in this case is, corresponding to (11), 

. 1 £ . ^s:^ E 



2z{0) 






t^-l-^ forKO. 

2z(0) 

Clearly this is the correct solution when we remember that 

f(t)=^hE, t>0 

f{t) = ''lE, t<Q 

The errors into which this proof falls seems to be due in 
part to the ambiguity which arises when the path of integration 
cuts one or more poles of the function. When this happens the 
evaluation of the residues is almost always a matter of doubt 
and should be justified by other methods and other considera- 
tions if possible. I would suggest in this connection that there 
is less chance of error if we start with the current expressed as 
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z= p/(;) .d; r "-^dn 




a Fourier's integral; thus, corresponding to an impressed force 
f(t), the resultant current, is 

-A) 

I might mention here that in the September issue of the 
"Physical Review," I developed and proved from dynamical 
considerations a general expansion theorem which holds ex- 
plicity when the impressed force is an exponential function of 
time, and implicity for functions of arbitrary form. It is there 
shown that if the impressed force isEe^^ the resultant current 
(adopting Professor Bush's notation) is given by: — 






-^2 



'<-->(£■ 



This expression degenerates into the Heaviside formula when p 
is put equal to zero. It enables us also to evaluate directly the 
transients when the impressed forces are damped or undamped 
sinusoidal time functions. 
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INDEX TO VOLUME 5 
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All references to any individual, compcmy, or radio station are fully listed in the 
index. Answers to points brought out in the Discussions will be listed under 
the name of the questioner. With the exception of the names of companies, all 
topics will be listed in general under the noun referred to. The numbers cor- 
respond to pages in the text. The following abbreviations are used: r. f. — radio 
frequency; a. f. — audio frequency; 1. v. — low voltage; h. v. — high voltage. 



AER-MELEK (station), 86 
Agner, Chester M., 353-356 
Alternator, Goldschmidt. 186 
American Institute of Electrical Engi- 
neers, 17 
Amplification, heterodyne, 33, 36, 41, 

145-168 
Antenna, aperiodic, 105. 121, 122, 128 

, dimensions ot, 187, 188 

. Marconi horizontal, 408 

, resistance of. 409, 410 

Antennas, properties ol, 389-412 
Arc, atmosphere of, 306, 319 

, Poulsen, 199, 255-319 

— , Poulsen, Barkhausen theory of, 

264-267, 306 
— , Poulsen, construction of, 258-260 
— , Poulsen, extinction voltage of, 

277-281 
— ignition voltage of, 285 and fol- 
lowing 
— . magnetic field of, 282, 283, 289, 
295, 296. 301-305, 308, 318 

, Poulsen, Pedersen theory of, 283 

and following, 306 
Arlington (station), 26 
Armstrong, Edwin H., 33, 36, 42, 130, 

145-168,247 249-254 
Astoria, Washington (station), 344 
Atlantic Highlands, New Jersey (sta- 
tion), 186 
Audibility, energy for unit, 29 

, measurement, 239, 247- 

264, 328, 329 
Audion, 145 and following, 184 

, amplification, 161, 162 

, characteristic of, 153-155, 160- 

163 

, oscillator, sensitiveness of, 28, 

29, 145-168, 230-254, 327- 
329, 357-360 



Audions, manufacture of, 427-432 
Austin, Louis, W., 147, 157, 239-264, 

262, 312 327-329, 358 
Avalon. California (station), 179, 185 

1 

BARKHAUSEN, H., 256, 277, 310, 
311, 433 
Barth, Julian, 327, 352 
Batavia, Java (station), 86, 119 
Blondel, A., 199, 200, 228, 229, 232, 

256, 277, 311, 433 
Bonifacio, France (station), 224 
Bouchardon, V., 433 
Boulogne-sur-la-Mer, France (station), 

224 
Bouthillon, Leon, 199-232 
Brant Rock, Massachusetts (station), 

243 
Braun, P\. 240 
Brenot, Captain, 199 
Bridge, Giebe, 63 

, Wheatstone. troubles with, 66 

Buckingham, Eldriage, 142 
Bureau of Standards. 167 
Bush, v., 363-382. 447-449 

CAGE, DIECKMANN, 96-98, 99, 
100, 121-132 
Cage, Faraday, 123, 125, 130 
Campbell, A., 366 

Capacity, distributed, 23, 361, 362, 
390 and following 

, lumped, 390 and following 

Carson, John R., 447-449 
Chaffee, E. Leon, 143, 357-360 
Changer frequency, 186 
Child, C. D., 356 
Choke CoU, r. f ., 23 
Circuits, coupled, 363-382 
Circuit, tone, 141, 142 
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Clifden, Ireland (station), 199, 223 

Cohen, Louis, 164 

Coherer, 183 

Committees of the Institute, 173, 237, 

325, 387 
Communication, radio vs. cable in 

tropics, 75-79 
Compagnie G^n^rale de Radiotdl6- 

graphie, 200. 202 
Condenser, gnd, 155, 156, 157, 240, 

244 
Condensers, charp^ing of, 202-232 

-, for artificial antennas, 395 



Fassbender, H., 263, 312 

Fatigue, photo-electric, 431 

Federal Telegraph Company, 179, 180, 

186, 319 
Fessenden, Rednald, 164, 194 
Filaments, auaion, tungsten, 427 
Fleminff, J. A. 168,262,312,420 
Formula, transmission, see **Trans- 

mission, formula'' 
Fort-de-rfeau France (station), 224 
Fuller, Leonard, 317 

/^ALLETTI. 199,224 



-, protective, 16, 22 423 \jr Gap, alcoLol atmosphere for, 134 

Convention, International Radio, 188, Qap, Cutting & Washington, 142 

348 ~~ 

Cordes, H. G., 28 

Coupling, for impulse excitation, 135- 
137 



Cruft Laboratory, Harvard Univers- 
ity, 360 

Current, distribution of, on antennas, 
397 and following 

Cutting, Fulton, 142 433, 445 

DARIEN (STATION), 26 
Davis, George 8., 348, 349 



, de-ionisation of, 139 

, hydrogen atmosphere for, 134 

, rotary sectored, 143, 199, 215-217 

-, smooth rotary disc, 134 and fol- 
lowing, 137, 138 

, stationary, 217-220. 434-446 

Generators, h. v., d. c, 199-201, 224- 

226, 229-232 
Glace Bay, Nova Seotia (station), 199 
Glass, for audions, 428 
Glatzel, B., 143 
Goldsmith, Alfred N.. 122-130, 132 



1^ jjavis, ueorge »., i54», 34y >:"*"^ -T'^ ok« o'Vi 

de Forest, Lee, 1&, 166-168, 185, 186, Granqvist, G^ 266, 311 
193 199 » » » Grids, for audions, 428 



de Groot, C. J., 75, 132, 162, 163 
de los Monteros, Espinosa, 143 
Denmiler, 240 
Detectors, 183, 184, 196, 240, 327 

, gaseous, 431, 432 

, pliotron, 185 

, rectifying, action of, 33-42 

, silicon, 84 

Dieckmann, M., 96-98 
, cage, see "Cage, Dieck- 
mann'' 
Dischargers, see ''Gap" 
Duddell, W., 256, 258, 262, 283, 310 

EAST INDIES, DUTCH, 75, 92 
Eastham, Melville, 133, 143 
Eccles, W., 96, 99-101, 107, 110, 113, 

143, 366 
Efficiency, of condenser charging cir- 
cuit, 204 and following 
Eilvese, Germany (station), 158, 253 
Electron, relay, indexed under "Aud- 

ion" 
Elenschneider, J. B., 349-353 
Englund, Carl R., 248, 328 
Espenschied, Lloyd, 196, 197 
Excitation, beat, 133 
, impulse, 133-144, 180-182 

FACTOR OF SAFETY, in radio 
communication. 75-77 
Fading, of signals, 90, 95 

, of signals, at sunrise, 110-112, 

114-116 



Ground, conductive, 84, 87 

, counterpoise, 82, 83, 84 

Guys, 82 

, insulation of, 14 and following 

HARMONICS, IN AUDION OS- 
CILLATOR, 357-362 
Heaviside layer, see "Layer, Heavi- 
side" 

, Oliver. 365, 367. 447. 449 

Helmholtz, h. v.. 365 
Hertz, Heinrich, 122, 124 
Heterodyne reception, see "Reception, 

heterodyne" 
Hogan, John L., Jr., 164 
Holtzappel. H. G., 95 
Hund, August, 43-68 
Hupka, E., 263. 312 

TMPEDANCE. GENERALIZED. 
1 363-367 

, threshold. 363-382 

Impulse excitation, see "Excitation. 

impulse" 
Inductance, distributed, 390 and fol- 
lowing. 413-416 

. lumped. 390 and following 

Induction, from radio transmitters, 9, 

12-22. 421-426 
Institute of Radio Engineers, 17. 166, 

187, 194 
Insulation, r. f., h. v., 11. 12 
Interrupters. 185 

Iron, characteristics of at r. f.. 43-68 
Israel, Lester, 150 
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JUNEAU, ALASKA (STATION), 



344^7 



KENNELLY. A. E., 365 366, 370, 
412 
Ketchikan, Alaska (station), 344 
Klages.240 

LANDANGAN, JAVA (station), 79, 
84, 85, 88-90, 104, 107, 119 
Lange,G.,256,310,311 
Layer, Heaviside, 117, 127, 132 
Lemmon, W. S., 132 
Libby. Tyng M., 25-31 
Liebowitz, B., 23, 33-42, 152. 155, 158, 

162, 164, 165 
yghtning, 9, 10, 94. 98, 99, 418, 419 
Liljestrom, A. O.. 257, 311 
Linkins. H. U., 426 
Litzendraht, 51, 61 
Los Angeles, California (station), 179 

MACDONALD, H. M.. 420 
Malcolm, H. W.. 377 
Mallik, D. N.. 293, 313 
Manhattan Beach, New York (station), 

19 
Marriott. R. H., 9-22, 179-197, 417, 

419. 423 
Marconi. G., 100. 101 199. 200, 229 

Company of America, 167, 

186, 191, 193, 194, 331, 332 
Company of England, 121, 

Martyn, G. H.' 293^ 313 
Massachusetts Institute of Technology. 

371 
Moorhead, O. B., 427-432 
Morecroft, John H., 389-412, 445 
Mouradian, J., 248, 249 

NAUEN, GERMANY (station), 158, 
253 
National Electric Signaling Company, 

194 
Nodes, on antennas, 397 
Noesaniv6, Java (station), 81, 82, 83, 

85, 119 
Nome. Alaska (station), 179 
Nordaeich, Germany (station), 164 

OFFICERS OF THE INSTIl UTE, 
4, 72, 172, 236, 324, 386 
Oiba, Java (station), 81, 119 
Ort, Carl, 163-165, 312 
Oscillograms, of arc crater, 290-295, 

297-300 
Oscillograph, Braun tube, 257, 284 

, cathode glow, 261, 284, 

285, 313 
Oscillator, Hertzian, 413, 414 

, mercury tube, 357 

Ouessant. France (station), 224 



PATENTS, IN RADIO, 190, 193, 
194 

Pedersen, P. 0., 255-319 

Perikon, sensitiveness of, 30 

Permeability, magnetic at r. f., 43-68 

Petit, G. E., 200 

Peukert, gap, 133 

Peukert, W^143 

Pierce, G. W., 144, 357 

Plates, for audions, 428 

Pliotron, 185, 187 

Postal and Telegraph Department of 
France, 199-232 

Poulsen, Valdemar,.255, 310, 314 

Precautions, in radio installations, 9-23, 
417-426 

Proceedings of the Institute of Radio 
Engineers, 133, 141, 143, 144, 150, 
151, 165, 166, 168, 247, 327,333, 
417, 447 

Proceedings of the Sections of the In- 
stitute, 6, 175 

RADIO, DEVELOPMENT OF IN 
UNITED STATES, 179-197 

Range, radio, increase in, 180-182 

Rayleigh, Lord, 365 

Receiver, de Groot, 102-106 

, Marconi balanced detector. 

101, 131 

Receivers, 83, 84 

Reception, heterodyne, 130, 152 and 
following, 165. 166. 184, 247 

Recorders, siphon, 93 

rectifier, approximate, 36-42 

, perfect, 34, 35, 36 

Regeneration, in bulb circuits, 146 

Regulation, municipal of radio sta- 
tions, 417-426 

Reich, M., 256, 310 

Rein, H., 144 

Reoch, A. E., 131. 132 

Resonance, multiple in artificial an- 
tennas, 391 

Richardson, O. W., 430 

Rieger, 164 

Round, H., 121 



O MER, FRANCE (station), 224, 

232 
San Francisco, California (station). 179 
SayviUe, Long Island (station), 186, 

188 
Sea Gate, New York (station), 341. 

349, 350 
Sections of the Institute of Radio 

Engineers, see "Proceedings of the 

Sections of the Institute" 
Shocks, from radio transmitters, 9 
Shoemaker, Harry, 332 
Siasconset, Massachusetts (station), 

342-344, 350-352 
Simon, H. Th., 256, 310 
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Slaby-Arco Company, 186 

Soerabaie, Java (station), 104 

Spark, frequency, 189 

Sprado, H. R., 431, 432 

Stark, G., 256, 312 

Stations, radio, increase in number of, 
180-182, 196, 197 

Steinmeta, C. P., 66 

St. Michaels, Alaska (station), 179 

Stone, EUery W., 133-144 

Storage Battery, Edison, 193 

Battery, h. v., 199, 200, 223, 

224 

Strays, 75-132 

, acoustic quality of, 94-96 

, aperiodic, 98 

, center of, 100, 115, 122 

, classification of, 91 

, diurnal variation of, 108-110,, 

113, 116, 117 

, elimination of, de Groot sys- 
tem, 104 and following, 128, 
131 

, heterodyne reduction of, 130, 

158 

, impulse excitation by, 97, 98 

, lightning, 94, 98, 99, 100 

, seasonal variation of, 87, 90, 

107-110, 117-119, 122 

Stray-to-eignal, ratio of, 94 

TELEFUNKEN COMPANY, 77, 81 
180, 186 
Telephone, electrostatic, 155 

, lines, r. f., interference on, 

422-426 

, radio, 186, 187, 228 

Thomson, J. J., 256, 312 

Thury, 224 

Tikker, rotary, 29, 160, 184 

Tone, musical, production of, 205-207, 

214-220 
Towers, Noesaniv6, 83 

, Telefunken type., 82 

Townsend, J. S., 293, 313 
Traffic, radio, influence of on trans- 
mitter design, 334, 335 
Transformer, resonance, 433-446 
Transmission, chart of radio, 28 (in- 
sert) 

, formula, Austin, 25, 26, 

30, 253, 254 

, formula, Eccles, 25, 26 

, formula. Fuller, 25. 26 

, formula, Sommerfeld, 25 



Transmitter, automatic for distress 
signals, 253-256 

, gasoline-driven, 341-344. 

350-352 

, multiplex, 202 

, quenched spark, 333-337 

, quenched spark, con- 
struction data of, 327- 
352 

, rotary synchronous 

spark, 338-341 

, sustained wave, 180-182 

, Telefunken, 81, 85, 165- 

Traubenbere, H. R. von, 314 

Tuckerton, New Jersey (station), 186, 
188 



ULTRAUDION. see "Audion, os- 
cillator" 
United Fruit Conapany, 193, 194 
United Wireless Telegraph Company, 
19, 180, 186, 187. 191 

VACUUM, DETECTORS. IN- 
DEXED UNDER "AUDIONS" 
Valve, Fleming, 166, 167 
Velocity, generalised angular, 363-382, 

447-449 
VoUmer, K., 262, 312 
Voltage, antenna, 187 

, distribution of, on antennas. 



397 and following 
von Lepel, E., 199. 201 



WAGNER, K. W., 256, 311, 367. 
371. 447 
Washington, Bowden, 142, 144 
Wasmus, A., 144 
Wave length, optimum for transmis- 

mission, 81, 82, 344 
Wave meters, calibration of, 357-362 
Weagant, Roy A., 121-132 
Weinberger, Julius, 361, 362, 433, 443 
Wien, Max, 58, 144 
WiUows, R. S., 293, 313 
Wilson. H. A., 293, 313 



Y^AGI. HIDETSUGU. 433-466 

ZENNECK, J., 139, 142, 144, 261, 
264, 308, 309 
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AT LAST! 

A DEPENDABLE AND ECONOMICAL 

STORAGE BATTERY 

FOR 

ELECTRON RELAYS 



EDISON STORAGE BATTERY 
Type WI-T 



SMALL 



LIGHT 



RUGGED 



Uninjured by protracted periods of idleness 

EUtsily and quickly recharged 
Will give excellent service for many years 



RADIO TELEGRAPHIC AND TELEPHONIC LABORATORY 

AND EXPERIMENTAL STATION OF 

THE COLLEGE OF THE CITY OF NEW YORK 



Jiine 4. 1917 



ALFRED N. QOLDSMITH 
DIRECTOR 

Db. Millkb R. Hutchison. 
Orange. N. J. 

My dear Dr. Hutchison: 

A* I stated to you in our correspondence some tinte ago. 
steady sources of potential at voltages between thirty and three hundred have 
been much required recently in connection with the plate circuit of audions. plio- 
trons. and other forms of "repeaters" or oscillators of the three electrode vacuum 
tube type. The requirentents are strict, inasmuch as the potential must be con- 
stant, there must be no "conunutator ripple" to interfere with the reception cf 
faint signals, and the equipment ntust be compact, comparatively inexpensive, and 
easy to maintain. 

We have had several sets of the **W" batteries in this laboratory for several 
months and have used them for the purposes mentioned. They seem highly satis- 
factory and convenient. 

Very truly yours. 

Alfred \. Goldbmith 



Address 



Miller Reese Hutchison, Inc. 

Distributors of Edison Storage Batteries for Wireless and 
Emergency Lighting 

Orange, N. J. 
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The Standard Instruments 

for u»e on 

Wireless Telegraph Panels 



CUTTING & WASHINGTON, Inc. 

Commercial Radio Apparatus 
For Land and Ship Stations 

26 PORTLAND STREET, CAMBRIDGE, MASS. 



•eless at Home 

time with the Omnigraph 
Iter. Connected with Buzseer 
will send messages, at any 
speed, just as an expert oper- 
ator would. Used by U. S. 
Bureau of Navigation to test 
^ all applicants applying for 

Radio licenses. 2 models. 
Prices $14 and $20. 

OMNIGRAPH MFG. CO., 39 B Cortlandt St., New York 
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WIRELESS AND EMERGENCY UGHTING SYSTEMS 

When the generator of the ship has been impaired or de- 
stroyed and the wireless operator turns to storage batter- 
for the necessary power, those batteries must be 



les 



dependable and instantly ready to perform their work. 

The "£xi6e" BATTERY 

has repeatedly proved its superiority and has an envious 
record of achievement in this service. It is used by the 
U. S. Navy and 36 Steamship Companies for this purpose. 
**lEXtl>C" Batteries are made by the oldest and largest 
manufacturer of storage batteries in the country. 
Batteries manufactured by this company are used almost exclusively 
by the large Central Light & Power Companies; inU. S. Submarines, 
for Wireless and Gun Firing, by Marconi Wireless, in Electric 
Vehicles. Mine Locomotives. Railway Signals and Independent 
Lighting Plants. 

THE ELECTRIC STORAGE BAHERYCa 

N«wYork Boston PHILADELPHIA, PA. Chicago Donvmr 

St. Louis CIsvsland Atlanta 1888-1917 Rochastar Datroit Toronto 

Minnaapolia Waahlncton Pittsburgh San Francisco Kansas City 



MICA CONDENSERS 



For Radio Transmitters and 
Protective Devices, as per 
Government Specifications 



Dubilier Condenser Co., Inc. 

217 Centre Street New York City 
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I Radio Frequency Instruments 

i The RoUer-Smith Company offers a most complete line of instruments | 

I of various types for radio frequency work. The list is as follows: i 

E Radio frequency ammeters, all E 

E capacities, switchboard and por- E 

E table types. = 

E Galvanometer for wave meter E 

E and decremeter sets. E 

E Low frequency alternating cur- ' E 

E rent ammeters, voltmeters, watt- E 

E meters, etc.. all capacities. = 

E switchboard and portable types. E 

E Direct current ammeters and = 

E voltmeters, all capacitics.swtUh- E 

E board and portable types. E 

E In spite ol present abnormal conditions. %ire are prepared to make good deliveries. E 
fg^ CORRESPONDENCE IS INVITED 





Roller-Smith Company 

I CHICAGO 233 Broadway, New York CLEVELAND | 

I Momidnock Block Factory i Bethlehem, Pa. Williamson Buiklinf i 

TiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiim 
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INTENSIFYING TRANSFORMER 

Constructed especially for 
intensifsring in-coming signals. 

rit can be used for intensify- 
ing signals received from any 
crystal detector by employing 
it between two detectors. The 
signals will then be intensified 
from 10 to 25 times. 

As many as three of these 
transformers can be connected 
between detectors in cascade, 
forming an intensifier. making 
it possible to read signals at 
present not heard with any single known detector. 

No modem wireless station is complete without an intensifier. as when it is needed 
it is wanted very, very much, so why not provide beforehand? 

An intensifier makes possible the use ol loose coupling, thus eliminating part of static 
and other atmospherics. The wireless engineer or operator alone knows the vast inter- 
ference caused by these unknown phenomena. 

Diagram of connections complete with full directions accompanjring each instrument 
List No. 224 Intensifying Transformer. Price $15.00 

NEW POCKET CATALOG OF ELECTRICAL SUPPLIES ready 
June 15. 248 Pages. Send for one. 

MANHATTAN ELECTRICAL SUPPLY CO-, Inc. 



NEW YORK— 17 Parle Place 110 W. 42d St. 

CHICAGO ST. LOUIS 

114 So. 5th Av. 1106 Pine St. 

WirtUm txptrt at ail our mtorm 



127 W. 125th St. 
SAN FRANCISCO 
004 Mission St. 
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THE IMPORTANCE OF RADIO COMMUNICATION 
IS GREATER THAN EVER BEFORE 

The increase in ship and shore stations far exceeds what 
was anticipated by even the most optimistic. Ap- 
paratus is being improved and modified continuously. 
The radio engineer must keep in touch with the trend of 
the art. 

In the pages of the 

PmrrrdittSB of JLi^t Jnatitutr of SaMo 
EnsUtrrrjB 

will be found papers by the radio engineers of almost 
every country, giving the latest and best methods and 
the most recent and valuable^discoveries. 

The Proceedings is almost always out of print within a 
few months after publication. Prompt subscription is 
essential. Subscription rates on page 384 of this issue. 
Address subscription to the Secretary, Institute of 
Radio Engineers, 1 1 1 Broadway, New York, N. Y. 
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UNIVERSAL WAVEMETER 

TYPE 105D 



RANGE 150—11,000 METERS 
Price, $133.00 

GENERAL RADIO COMPANY 

CAMBRIDGE, MASS. 
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De Forest "Oscillion'* 

(Oscillating-Audion) 



Tjrp« "S" Laboratory Panel 



Generator of absolutely un- 
damped oscillations of any fre- 
quency. Permits Radio Tele- 
phone speech surpassing in 
clearness that over any wire. 
For Laboratory and Research 
Work has a field utterly unfilled. 
Patents issued and pending. 

Prices and particulars from 



DeForest Radio Telephone & Telegraph Co. 

1391 Sedgwick Avenue, New York, N. Y. 

At Last! 

Electromagnetic waves of any length from an incandescent 

lamp 



Murdock 
Moulded Condensers 



Compact, strong and efficient transmitting 
units worth a trial by every radio engineer. 
Now in successful operation in many govern- 
ment and commercial stations. Made for 
commercial use in sections of .002 mfd. 



Wm. J. Murdock Company 

70 Carter Street Chelsea^ Mass. 
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C. BRANDES 

INCORPORATED 

32 Union Square - - New York 

MAKERS OF 

RADIO HEADSETS 

We solicit inquiries from manufacturers of radio apparatus 

BAKELITE-DILECTO 

Th« Standard Inmilatinc Material for all 

RADIO WORK 

Waterproof— Strong— High Electrically — ^Fumiahed in Sheets, Rods, 
Tubes, and Special Shapes. Samples on request. 

Also makers of High-Grade Vulcanised Fibre. 

THE CONTINENTAL HBRE CO. - - NEWARK, DEL 

New York Ofiice, 233 Broadway Chicago Office, 332 South Michigan Ave. 
Pittsburgh Office, 31S Fourth Ave. 

San Francleco Office, 525 Market St. 

Loe Angeles Office, 411 South Main St. 



Kilboume & Clark Manufacturing 
Company 

Seattle, Washington, U. S. A. 

Manufacturers of 

RADIO TELEGRAPH APPARATUS 

For Commercial y Ship and Shore Stations 



AMERICAN TRANSFORMERS 

CUSTOM MADE 

Designed and constructed to fill the 

special requirements of our customers 

Sixteen years' experience in handling Radio problems 

American Transformer Company 
143 Miller Street Newark, N. J. 
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HALCUN 

Privately Owned 

Commercial and Marine 
Wireless 

is giving - 
Exceptional Service on 

Fifty-two Steamers 

and 

Thirteen Land Stations 

Complete Sets from ^ K.W. to 
25 K.W. 

HALLERl:UNNINGHAM ELEC. CO. 

SAN FRANCISCO, CAL. 



Radio Generators 

High frequency alternating-current and high- 
voltage direct-current radio generators for all 
purposes. 

Crocker-Wheeler Company 

Ampere, N.J. 



C^OTlCCTltTOltlOtl T*^.^ thousands of users of clec- 

1 trie equipment for radio work 
«o ^1%^% reaid many periodicatB; but more of them 

IS me read THE PROCEEDINGS OF THE IN- 

^ . STITUTE OF RADIO ENGINEERS than 

M^CytlOtC ^^y other scientific publication. 

. "^ The Advertising Manager of the Institute 

^1tOO0>QQ ^^^^ Broadway, New York City) will be 

MVVt^OO pleased to give you information concerning 

tisements That Hit the BulVs Eye 
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INSULATION 

*'MADE IN AMERICA*' 

LOUIS STEINBERCCR'S PATENTS 

UOBTNINfi-PROOF INSUUTORS 

i/OOO TO 1,000,000 VOLTS 

INSULATORS XRE STANDARD WITH 
irrED STATES NAVY AND ARMY 
AND WIRELESS TELEGRAPH AND TELEPHONE COMPANIES 




No. 
74«7 



No. 7353 



No. 6275 




No. 7375 



No. 7370 




No. 7379 



No. 7334 



1^ 



[r^:i-'^ 



No. No. 
7163 7469 




SOLE MANUFACTURERS 

\ 



E|p^s£rJHjCi0D^ Z^ 



6^82 WtfKinstmi SI. 27-37 Ymk St. 
St. W3 Ffim St- 



M Y., America 



m.AMCHJLltO ntBA'^. « » . 
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